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cides that may be the precursors of almost ter¬ 
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Foreword 


1 1 • <m«• ns an enormous relief to many Americans, in 
**mI mmi of the armed forces that President Nixon on 
Novi mbci 25, 1969, renounced first, use in warfare of 
U iIhi! and incapacitating weapons, all use of lethal bio- 
!»*i i* 'if agents, and ordered further production of the 
ion. i htopped and existing stockpiles destroyed. Some 
i. julv« h ution involving interpretation of this order and 
tin dirrco to which it will be excepted must still be 
* holllcd; yet we can hope that it will go all the way. 

Out country took the lead in drafting the Geneva 
l # n >i< u 4>l of 1925, banning the use in war of all “asphyxi- 
iiting jxiisonous or other gases” and of “bacteriological 
imlhods of warfare.” This was signed by the United 
Si airs, but not ratified by the Senate. Instead, it was 
allowed to die in committee. By now 84 nations, in- 
i hiding virtually all the technologically advanced 
powers, have ratified or acceded to the Protocol, more 
fhmi 20 since World War II; but our nation still has not 
i .ii died it. Our government has frequently declared that 
wo accede to the terms of the Geneva Protocol, yet we 
nrc not formally bound by it. 

A curious snag keeps this from happening, and clouds 
also President Nixon’s otherwise welcome decision. We 
have apparently not used our most lethal CBW (Chemi¬ 
cal and Biological weapons in actual combat—the nerve 
gases, the toxins, the pathogenic viruses and bacteria. 
Wc have not banned our use of so-called incapacitating 
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x foreword a tear gas- 

gases— tear gas and CS, more a iuu 6 

herbicides and defoliants spoke smen have been 

our reaction to 

sensitive about domesU . ^ and from the 

the use of these agents rom less harm¬ 
beginning have attempted to gas ^ C S 

M ^ke^of“riot control” agents; and one asks, 
are spoken of as r what W e use on our 

Why refu^ot^onan ^ ^ ^ use on our 

own people? One mtgn 4 - ed that the use 

own people; but it mus altogether different from 

Of such gases for riot control is ahoge&er dm 

their use in combat. In not “f^^^Sing per - 
naray in the open, with so^e Under 

sons move away out o . • « aases become 

combat conditions these out { ro m cover 

lethal. They are used to dnve *® e " ^ fee destr oyed 
and render him helpless so been used rou- 

with the herbicides and defoliants. One is 

told that dtey are the same agents to. h^ebeen com- 

monly used in Amencan farms and gardens " , 

book shows, the condittons ^“coicenttations, 

combine to turn toe 

these agents from the terms 01 Armarentlv in 

and insisting on continuing to use g all 

the Geneva Conference of 1925 it was a e 
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Hi d *i‘< I'miotol iiic'lucled tear gases and herbicides 
***** -My ih. . lu iiui al weapons it intended to ban. Philip 
i Miik • i wi lies of a conversation he had at that time 
mil Mi ml Itonnet, later Ambassador to the United 
*m*i# ■**. who Hitid, 4t Oh, yes; the form of words they’ve 
n u |»oo*l. It prohibits every kind of chemical or bac- 
mmhI wi i i|m> n that anyone could possibly devise. And 
a him lo Perhaps some day a criminal lunatic might 
in t iii ».i miic devilish thing that would destroy animals 
*m.| • !«*!*'. " (Letter to New York Times , December 9, 

pjfi'j ) 

Sn iIn* l Inited States Senate opened its debate on the 

♦ niilh *ii Ion of the Geneva Protocol early in 1926, it 
1***1 it loiter from General John J. Pershing—Black Jack 
t* mailing, the Commander of the American Forces in 
Wi »i Id War I — which said, “I cannot think it possible 
Hi ll on i country should fail to ratify the Protocol which 
in* hides (his or a similar provision. Scientific research 
•n.iv discover a gas so deadly that it will produce instant 
«I* ill It. To sanction the use of gas in any form would 

• h lo open the way for the use of the most deadly gases 
»»nd possible poisoning of whole populations of non- 
l ombutant men, women and children. The contempla- 
Uon of such a result is shocking to the senses. It is un¬ 
thinkable that civilization would deliberately decide 
upon such a course.” 

When President Nixon announced a few months ago 
Hull we would not use certain chemicals in war unless 
they are first used against us, tear gases and CS, herbi¬ 
cides and defoliants were exempted from the ban. On 
I >cccmber 10, the main political committee of the Gen- 

* ml Assembly of the United Nations rejected this posi¬ 
tion decisively. Overriding vigorous opposition from the 
1 Inited States delegate, it voted 58 to 3 (United States, 
Australia and Portugal) with 35 abstentions that the 
(icneva Convention includes and bans “the use in inter- 
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national armed conflicts of any chemical agents of war 
fare” (Los Angeles Times , Boston Globe, December 11, 
1969). Also on December 5, the World Health Organ 
ization condemned the use in war of defoliants and tear 
gases, citing the defoliants as “possible causes of birth 
defects in children.” 

Administration and Defense Department statements 
concerning the uses of tear gases, herbicides and de¬ 
foliants in Vietnam do not rest with picturing them as 
relatively innocuous agents, used primarily to spare lives, 
including the lives of Vietnamese. They are said also to 
offer positive advantages at home and abroad. 

So, for example, Dr. C. D. Minarik, Director of the 
Plant Science Laboratory at Fort Detrick, Maryland, 
told the Northeastern Weed Conference meeting in New 
York that Operation Ranch Hand, the defoliation and 
herbicide program in South Vietnam, not only saves 
lives by exposing enemy movements and hideouts, so 
reducing the chances of ambush, and virtually elimi¬ 
nating sniper fire on both troops and civilians, but that 
it also offers beneficial by-products to South Vietnamese 
civilians. They include: (a) more mangrove wood for 
charcoal; (b) land is cleared for eventual farming; (c) 
commerce is improved in isolated settlements—I sup¬ 
pose trading in charcoal; (d) the defoliation has un¬ 
covered Viet Cong stores of rice that can be used by 
the peasants for food—presumably to replace the rice 
we destroy and (e) improved “lines of communication” 
—it is easier now to get around in South Vietnam. 
(Chemical and Engineering News , Jan. 15, 1968). 

By now such rhetoric is wearing thin. By the end of 
March, 1969, we had sprayed with defoliants over 
4 million acres. Over one-fifth of the total forested area 
of Vietnam seems to have been defoliated at least once. 
In spite of prematurely optimistic reports by the De¬ 
fense Department that they expect no long-term effects. 
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1^1 mhw Umt Iwo sprayings with defoliant kill 
NaH Mf III* i ommcrcially valuable hardwood tim- 
w# In e * hhhijmovc areas there has been an almost 

* hi h would lake a generation to bring these trees 
Plfcfct If Hi.i. i .1 they come back at all. 

•Httilt \ ininnin is a poor country. Most of its people 
git Mhmhiil, managing a subsistence economy through 
PtoM **••! ti < ai i In- land. The war has disrupted this fright- 
* '"• N "' ""ly it been a quite unusually destructive 

.‘"I <’*" largely on an undefended countryside. 

I ***• immboi! of young men for years have been taken 

*. . "" 1 ms to light in the armies. Villages have been 

#fc*N.. vt d bombed, burned out, bulldozed. In the free- 
fii.s everything that moves is fired on—people and 

. ... Enormous stretches of open rice paddies 

H " i'•""I with an almost incredible density of B-52 
h**mii u liters. 

A. though all that were not enough, we have engaged 
" systematic program of crop destruction, said 
fMpli. inlslically to be directed only against the Viet- 
"•"« s,, "th Vietnam, which used to export large 
HMiounis of rice, now imports rice from the United 
‘a. Mrs. Dr. Jean Mayer, Professor of Physiology and 
"Mil it ion at the Harvard School of Public Health and 
i" .w I-resident Nixon’s Advisor on Nutrition, has pointed 
••mi i. few years ago that though other means of warfare 
l.i.'vltably include civilians among their victims, crop 
•I. si ruction is almost exclusively directed against civil¬ 
ians. and indeed the most helpless civilians. The point 
it simple enough. When food is short, soldiers get what- 
• vn lood there is. It is the unarmed, helpless and feeble 
Hint go without—the old, the ill, pregnant women, and 
must of all, children. 

I see no way to escape the conclusion that in South 
Vietnam we are systematically destroying a country and 
Hs people— the very country and people that we say we 
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are fighting to preserve. We do that with the connivance 
of, often at the behest of, their own government- it 
venal, corrupt military dictatorship that we have spoil 
sored and to the preservation of which our present Ac! 
ministration is committed. People, animals, trees, crops 
—all are being devastated; in great stretches of open 
fields, that peasant families had tended by hand over 
many generations, the B-52 craters lie often edge to 
edge. 

Why do we do it? The whole operation is smothered 
in hypocrisy, endless rhetoric, and fine language. 
One can get an idea of prevalent thinking from the 
comments of Professor Samual Huntington, who re¬ 
cently rotated off the Chairmanship of the Harvard 
Government Department, and who at the time was 
Chairman of the Council on Vietnamese Studies of the 
Southeast Asia Development Advisory Group, which 
advises our State Department. Professor Huntington 
had expressed the thought that the war was greatly speed¬ 
ing South Vietnamese progress in “urbanization.” The 
evidence was that since the war began the population 
of Saigon had skyrocketed. 

Writing in Foreign Affairs in July, 1968, he said: “In 
an absent-minded way the United States in Vietnam may 
well have stumbled upon the answer to ‘Wars of Na¬ 
tional Liberation.’ ” The answer: “forced draft—urban¬ 
ization and modernization which rapidly brings the 
country in question out of the phase in which a rural 
revolutionary movement can hope to generate sufficient 
strength to come to power.” Huntington pointed out that 
“if the ‘direct application of theoretical and conventional 
power’ (a phrase of Sir Robert Thompson’s) takes 
place on such a massive scale as to produce a massive 
migration from countryside to city, the basic assump¬ 
tions underlying the Maoist doctrine of revolutionary 
war no longer operates. Maoist-inspired rural revolution 
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mm. I# «ii by (lie American sponsored urban revolu- 
n. went on to say that: “in the shortrun with 
bsM Mm population still in the country-side, the Viet 
i will iimain a powerful force which cannot be 
nui fmm its constituency so long as the con- 

m. y i utidnues to exist.” 

A|»|unrntly Professor Huntington doubts the prac- 
m -iiiv ••! ihis solution for bringing the Vietnam war to 
^ ,ui. k rnd. Me adds, “Peace in the immediate future 
tMM*t hence be based on accommodation.” 

li meins that whether by design or chance, the 
tii (Ion of a problematical rural constituency is the 
i * * 'Hi am we are now engaged in. In many areas, per- 
1 ** 1 -a particularly those controlled at one time or another 
by Mu National Liberation Front, every attempt has 
i * ii made to drive the peasants from their homes and 
(hums, to destroy their crops and farm animals, to 
pit Vo them of whatever stores of food they may have, 
«n«| to make life so dangerous that they will move into 
government compounds or the cities. Senator Edward 
( pimrdy, chairman of the Refugee Subcommittee, esti- 
imiles that in the last four years there have been at least 
mum million civilian casualties, and that at least 300,000 
i Ivllluns have been killed. Even the recourse of fleeing 
muy not be open. Orville and Jonathan Schell report 
•lint in August 1967, during Operation Benton, the 
'purification” camps became so full that Army units 
in (he field were ordered not to “generate” any more 
i« fugees. Earlier, peasants had been warned before an 
illtstrike was called on their villages. Now they were 
killed in the villages, because there was no room for 
them in the overcrowded refugee camps (letter to New 
York Times , Nov. 26, 1969). 

lust as our country was the prime mover in proposing 
(he Geneva Protocol of 1925 banning gas and bacte¬ 
riological warfare—which we still have not ratified—so 
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our country had most to do with establishing the Nurcm 
berg Principles, which we have formally accepted, and 
which are now part of International Law. Among Un- 
War Crimes are included “murder, ill-treatment or do 
portation—of civilian population of or in occupied ter¬ 
ritory_wanton destruction of cities, towns, or villages, 

or devastation not justified by military necessity. 
Among the Crimes Against Humanity are “inhumane 
acts done against any civilian population.” In view ot 
these principles, which our government accepts, this 
book makes strange reading. 

Qur present procedures in Vietnam include operations 
against the civilian population that come closer to geno¬ 
cide than to the waging of war as Americans have under¬ 
stood it in the past, as generally accepted by civilized 
nations and embodied in International Law. The wide 
and indiscriminate use of tear gases, herbicides and de¬ 
foliants looms large among those procedures. 

Taken together with the free-fire zones, the kill ratio, 
the body count, they add up to an orgy of destruction 
that is new in American military history. War has been 
called the pursuit of diplomacy by other—to be sure 
violent—means. But this is total war in the pure, it 
spares nothing, not even the trees, not even the earth 
and water. It has reduced war to an engineering prob¬ 
lem, to an exercise in the unbridled technology of de¬ 
struction, that goes with and feeds our present military 
economy—our business of death, now the principal busi¬ 
ness in America, the biggest business in the world, the 
biggest business in human history. 

These practices are not only destroying a small and 
poor country and people thousands of miles away. They 
are destroying the American tradition, and all that it has 
meant to us and to the world. 

These practices must stop. The use of tear gases, her¬ 
bicides and defoliants in Vietnam and in ah future wars 
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'> -■ ■! i nsily. All that is needed is for our Gov- 

mi in tij'Hv wiili almost all other civilized nations 
i* 4* tf*» i >n chemical and biological weapons of war 
«i,«t m ithi inly accept in principle includes these wea- 

| tt* fiU«» 


George Wald 
Cambridge, Mass. 
March 15, 1970 





































* m In 1961, the United States Military Advisory 

* imup In Vietnam began, as a minor test operation, the 

'Million, by aerial spraying, of trees along the sides of 
« Mi. u und canals east of Saigon. The purpose of the oper- 
«*»• *n was to increase visibility and thus safeguard against 
and audios of allied troops and make more vulnerable 
any Vietcong who might be concealed under cover of 
*Ih druse foliage. The number of acres sprayed does 
mmi appear to have been publicly recorded, but the test 

* »i adjudged a success militarily. In January, 1962, fol¬ 
lowing a formal announcement by South Vietnamese 
and American officials that a program of such spraying 
w “’i to be put into effect, and that it was intended “to 
Improve the country’s economy by permitting freer com¬ 
munication as well as to facilitate the Vietnamese Army’s 
lank of keeping these avenues free of Vietcong harass- 
iitrntH,” military defoliation operations really got under 
way. According to an article that month in the New York 
rimes, “a high South Vietnamese official” announced 
find a seventy-mile stretch of road between Saigon and 
flic coast was sprayed “to remove foliage hiding Com¬ 
munist guerrillas.” The South Vietnamese spokesman 
nl hi) announced that defoliant chemicals would be sprayed 
»*n Vietcong plantations of manioc and sweet potatoes in 
ilie Highlands. The program was gathering momentum. 
It was doing so in spite of certain private misgivings 
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2 DEFOLIATION 

among American officials, particularly in the State Dr 
partment, who feared, first, that the operations nuglil 
open the United States to charges of engaging in chem 
ical and biological warfare, and, second, that they were 
not all that militarily effective. Roger Hilsman, now a 
professor of government at Columbia University, and 
then Director of Intelligence and Research for the State 
Department, reported, after a trip to Vietnam, that de¬ 
foliation operations “had political disadvantages” and. 
furthermore, that they were of questionable military 
value, particularly in accomplishing their supposed pur¬ 
pose of reducing cover for ambushes. Hilsman later re¬ 
called in his book, “To Move a Nation,” his visit to Viet¬ 
nam, in March, 1962: “I had flown down a stretch of 
road that had been used for a test and found that the 
results were not very impressive. . ... Later, the semor 
Australian military representative in Saigon, Colonel 
Serong, also pointed out that defoliation actually aided 
the ambushers—if the vegetation was close to the road 
those who were ambushed could take cover quickly, 
when it was removed the guerrillas had a better field of 
fire.” According to Hilsman, “The National Security 
Council spent tense sessions debating the matter.” 

Nonetheless, the Joint Chiefs of Staff and their Chair¬ 
man, General Maxwell Taylor, agreed that chemical de¬ 
foliation was a useful military weapon. In 1962, the 
American military “treated” 4,940 acres of the Viet¬ 
namese countryside with herbicides. In 1963, the area 
sprayed increased five-fold, to a total of 24,700 acres. 
In 1964, the defoliated area was more than tripled. In 
1965, the 1964 figure was doubled, increasing to 155,- 
610 acres. In 1966, the sprayed area was again increased 
fivefold, to 741,247 acres, and in 1967 it was doubled 
once again over the previous year, to 1,486,446 acres. 
Thus, the areas defoliated in Vietnam had increased ap¬ 
proximately three hundred-fold in five years, but now 
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1 * M * opinion among scientists and other people who 
»*** fiurrncd about the effects of defoliation on the 
\ i inuiii. tr ecology at last began to have a braking effect 
*» d» program. In 1968, 1,267,110 acres were sprayed, 
feu I In 1969 perhaps a million acres. Since 1962, the 
tM»*thitlon operations have covered almost five million 
riti area equivalent to about twelve per cent of the 
i will « in ritory of South Vietnam, and about the size of 
*i- uinio <>! Massachusetts. Between 1962 and 1967, the 
H ni(c destruction of plots of rice, manioc, beans, 
i filter foodstuffs through herbicidal spraying—the 
*“ol "deliberate” is used here to exclude the many re- 
r-Hul Instances of accidental spraying of Vietnamese 
fMoln increased three hundredfold, from an estimated 
* i I m ics to 221,312 acres, and by the end of 1969 the 
Vt*ttmnicse crop-growing area that since 1962 had been 
lived with herbicides totalled at least half a million 
»* • By then, in many areas the original purpose of the 
d* ft illation had been all but forgotten. The military had 
discovered that a more effective way of keeping road- 
»idr** clear was to bulldoze them. But by the time of that 
i* u overy defoliation had settled in as a general policy 
nnl taken on a life of its own—mainly justified on the 
lhhhuI that it made enemy infiltration from the North 
much more difficult by removing vegetation that con- 

• • ‘led jungle roads and trails. 

I hiring all the time since the program began in 1961, 
u«» A merican military or civilian official has ever publicly 
Imntcterized it as an operation of either chemical or 
(ilogical warfare, although there can be no doubt that 
h h an operation of chemical warfare in that it involves 
dir nr rial spraying of chemical substances with the aim 

• r gaining a military advantage, and that it is an opera- 
dt»*i of biological warfare in that it is aimed at a deliber- 
“ii disruption of the biological conditions prevailing in 
*» riven area. Such distinctions simply do not appear in 
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official United States statements or documents; they wr i. 
long ago shrouded under heavy verbal cover. Thus, » 
State Department report, made public in March, 19 tin, 
saying that about twenty thousand acres of crops m 
South Vietnam had been destroyed by defoliation tr. 
deny food to guerrillas, described the areas involved ;» 
“remote and thinly populated,” and gave a firm assm 
ance that the materials sprayed on the crops were ot .1 
mild and transient potency: “The herbicides used arc 
non-toxic and not dangerous to man or animal life. Tiu 
land is not affected for future use.” 

However comforting the statements issued by our gov¬ 
ernment during seven years of herbicidal operations in 
Vietnam, the fact is that the major development of de¬ 
foliant chemicals (whose existence had been known in 
the thirties) and other herbicidal agents came about in 
military programs for biological warfare. The direction 
of this work was set during the Second World War, when 
Professor E. J. Kraus, who then headed the Botany De¬ 
partment of the University of Chicago, brought certain 
scientific possibilities to the attention of a committee that 
had been set up by Henry L. Stimson, the Secretary of 
War, under the National Research Council, to provide 
the military with advice on various aspects of biological 
warfare. Kraus, referring to the existence of hormone¬ 
like substances that experimentation had shown would 
kill certain plants or disrupt their growth, suggested to 
the committee in 1941 that it might be interested in “the 
toxic properties of growth-regulating substances for the 
destruction of crops or the limitation of crop produc¬ 
tion.” Military research on herbicides thereupon got un¬ 
der way, principally at Camp (later Fort) Detrick, 
Maryland, the Army center for biological-warfare re¬ 
search. According to George Merck, a chemist, who 
headed Stimson’s biological-warfare advisory committee, 
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* •*«!> the rapid ending of the war prevented field trials 
« “• live theatre of synthetic agents that would, with- 
11 • I wry to human or animal life, affect the growing 
- mill make them useless.” 

ml i (he war, many of the herbicidal materials that 
1 •*- 1 ‘'it developed and tested for biological-warfare use 
mi marketed for civilian purposes and used by farmers 
— i !mM iioowners for killing weeds and controlling brush. 

I hi most powerful of the herbicides were the two chem- 
h ult, .\4-dichlorophenoxyacetic acid, generally known 
? ‘ I I), and 2,4,5-trichlorophenoxyacetic acid, known 
*• ‘ T s -T. The direct toxicity levels of these chemicals 
ihey affected experimental animals, and, by scientific 

* climates, men, appeared then to be low (although these 

* climates have later been challenged), and the United 
•mars I>cpartment of Agriculture, the Food and Drug 
Administration, and the Fish and Wildlife Service all 
fttuu'tioned the widespread sale and use of both. The 

* hrmicals were also reported to be short-lived in soil 
•din their application. 2,4-D was the bigger seller of the 
i wo, partly because it was cheaper, and suburbanites 

* ommonly used mixtures cohtaining 2,4-D on their 
lawns to control dandelions and other weeds. Commer- 

* hilly, 2,4-D and 2,4,5-T were used to clear railroad 
ilghts-of-way and power-fine routes, and, in cattle coun- 
i» V, to get rid of woody brush, 2,4,5-T being favored for 
i he lust, because it was considered to have a more effec- 
live herbicidal action on woody plants. Very often, how- 
«ver, the two chemicals were used in combination. Be- 
iwccn 1945 and 1963, the production of herbicides 
jumped from nine hundred and seventeen thousand 
Ih urnds to about a hundred and fifty million pounds in 
this country; since 1963, their use has risen two hundred 
imd seventy-one per cent—more than double the rate of 
Increase in the use of pesticides, though pesticides are 
Mill far more extensively used. By 1960, an area equiva- 
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lent to more than three per cent of the entire Unitnl 
States was being sprayed each year with herbicides. 

Considering the rapidly growing civilian use of thcsi 
products, it is perhaps not surprising that the defoliation 
operations in Vietnam escaped any significant comment 
in the press, and that the American public remained un 
aware of the extent to which these uses had their origin 
in planning for chemical and biological warfare. Never 
theless, between 1941 and the present, testing and ex¬ 
perimentation in the use of 2,4-D, 2,4,5-T, and other 
herbicides as military weapons were going forward very 
actively at Fort Detrick. While homeowners were using 
herbiddal mixtures to keep their lawns free of weeds, 
the military were screening some twelve hundred com¬ 
pounds for their usefulness in biological-warfare opera¬ 
tions. The most promising of these compounds were 
test-sprayed on tropical vegetation in Puerto Rico and 
Thailand, and by the time full-scale defoliation opera¬ 
tions got under way in Vietnam the U.S. military had 
settled on the use of four herbicidal spray materials 
there. These went under the names Agent Orange, Agent 
Purple, Agent White, and Agent Blue—designations de¬ 
rived from color-coded stripes girdling the shipping 
drums of each type of material. Of these materials, 
Agent Orange, the most widely used as a general de¬ 
foliant, consists of a fifty-fifty mixture of n butyl esters 
of 2,4-D and 2,4,5-T. Agent Purple, which is inter¬ 
changeable with Agent Orange, consists of the same sub¬ 
stances with slight molecular variations. Agent White, 
which is used mostly for forest defoliation, is a combi¬ 
nation of 2,4-D and Picloram, produced by the Dow 
Chemical Company. Unlike 2,4-D or 2,4,5-T, which, 
after application, is said to be decomposable by micro¬ 
organisms in soil over a period of weeks or months (one 
field test of 2,4,5-T in this country showed that signifi¬ 
cant quantities persisted in soil for ninety-three days 
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* <tp|ilk'iition), Picloram—whose use the Depart- 
*i#m ,r \ ,*i iculture has not authorized in the cultivation 
Hi 4 my \nirncan crop—is one of the most persistent 

* i»!i n known. Dr. Arthur W. Galston, professor of 
Mtv nl Yule, has described Picloram as “a herbicidal 

of DDT,” and an article in a Dow Chemical 

* MHt'iiny publication called “Down to Earth” reported 
M in Uriel trials of Picloram in various California soils 
l*• n eighty and ninety-six and a half per cent of the 

ui. ,i,iuir remained in the soils four hundred and sixty- 
«* * ii days after application. (The rate at which Piclor- 
decomposes in tropical soils may, however, be 
Miflim ) Agent Blue consists of a solution of cacodylic 
*•! »»substance that contains fifty-four per cent arsenic, 
-«*•! ii In used in Vietnam to destroy rice crops. Accord¬ 
ing i«» the authoritative “Merck Index,” a source book 
h « hemicals, this material is “poisonous.” It can be 
•• «•! i mi agricultural crops in this country only under 
i min restrictions imposed by the Department of Agri- 

* ullino It is being used herbicidally on Vietnamese rice 
im his nt seven and a half times the concentration per- 

11 1 ell for weed-killing purposes in this country, and so 
( " In Vietnam something like five thousand tons is esti- 

* mi led to have been sprayed on paddies and vegetable 

fluid#, 

l V foliation operations in Vietnam are carried out by 
h pedal flight of the 12th Air Commando Squadron of 
tin I Initcd States Air Force, from a base at Bien Hoa, 
h» i outside Saigon, with specially equipped C-123 cargo 
planes. Each of these aircraft has been fitted out with 
i miks capable of holding a thousand gallons. On defolia- 
tlnn missions, the herbicide carried in these tanks is 
apittycd from an altitude of around a hundred and fifty 
feel, under pressure, from thirty-six nozzles on the wings 
•ifill tail of the plane, and usually several spray planes 
wot k in formation, laying down broad blankets of spray. 
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The normal crew of a military herbicidal-spray plan** 
consists of a pilot, a co-pilot, and a technician, who mu 
in the tail area and operates a console regulating the 
spray. The equipment is calibrated to spray a thousand 
gallons of herbicidal mixture at a rate that works out, 
when all goes well, to about three gallons per aero 
Spraying a thousand-gallon tankload takes five minuti i 
In an emergency, the tank can be emptied in thirty sec 
onds—a fact that has particular significance because of 
what has recently been learned about the nature of at 
least one of the herbicidal substances. 

The official code name for the program is Operation 
Hades, but a more friendly code name, Operation Ranch 
Hand, is commonly used. In similar fashion, military 
public-relations men refer to the herbicidal spraying of 
crops supposedly grown for Vietcong use in Vietnam, 
when they refer to it at all, as a “food-denial program.’ 
By contrast, an American biologist who is less than en¬ 
thusiastic about the effort has called it, in its current 
phase, “escalation to a program of starvation of the 
population in the affected area.” Dr. Jean Mayer, the 
Harvard professor who now is President Nixon’s special 
adviser on nutrition, contended in an article in Science 
and Citizen in 1967 that the ultimate target of herbicidal 
operations against rice and other crops in Vietnam was 
“the weakest element of the civilian population”— that 
is, women, children, and the elderly—because in the 
sprayed areas “Vietcong soldiers may ... be expected 
to get the fighter’s share of whatever food there is.” He 
pointed out that malnutrition is endemic in many parts 
of Southeast Asia but that in wartime South Vietnam, 
where diseases associated with malnutrition, such as 
beriberi, anemia, kwashiorkor (the disease that has dec¬ 
imated the Biafran population), and tuberculosis, are 
particularly widespread, “there can be no doubt that if 
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; *■»!• i Ion (ruction] program is continued, [the] prob- 

iMfH will glow.” 

»< it particular mission involves defoliation or 
si* i tlrtfruclion, American military spokesmen insist 
&#* ** mhilon never takes place without careful consid- 

. . I all the factors involved, including the welfare 

i Ifintiilly inhabitants and the safety of American per- 

* “Mrj ( There can be little doubt that defoliation mis- 

* titr extremely hazardous to the members of the 
jH iHiV tiews, for the planes are required to fly very 

* * hi. I nnly slightly above stalling speed, and they are 
mImmi targets of automatic-weapons fire from the 
t* *mm»I ) The process of settingup targets and approving 

i »HU herbicidal operations is theoretically subject to 
*ui».iintc review through two parallel chains of com- 
«* *«mI one chain consisting of South Vietnamese district 
-‘•I province chiefs—who can themselves initiate such 
>h unions and South Vietnamese Army commanders at 

* m Imis levels; the other a United States chain, consisting 
•»( i 1 1 (strict adviser, a sector adviser, a divisional senior 

i i , i , a corps senior adviser, the United States Military 
• lance Command in South Vietnam, and the Amer- 
hi I mbassy in Saigon, ending up with the American 
itnhitssador himself. Positive justification of the military 
i v .inlagc likely to be gained from each operation is 
«Im 'H elically required, and applications without such 
i Hive justification are theoretically disapproved. How- 
i . according to one of a series of articles by Elizabeth 
I'* ‘ini that appeared toward the end of 1967 in the Chris - 
ifi Science Monitor: 

In practice, [American] corps advisers find it very diffi- 
» nil to turn down defoliation requests from province 
I* ve I because they simply do not have sufficient specific 
knowledge to call a proposed operation into question. 
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And with the momentum of six years’ use of defoliant' 
the practice, in the words of one source, has long sm 
been “set in cement.” 

The real burden of proof has long since shifted from 
the positive one of justifying an operation by its [milit;n , 
gains to the negative one of denying an operation becau • 
of [specific] drawbacks. There is thus a great deal > i 
pressure, especially above province level, to approve rn 
ommendations sent up from below as a matter of course 

Miss Pond reported that American military souro 
in Saigon were “enthusiastic” about the defoliation pro 
gram, and that American commanders and spotter-plane 
pilots were “clamoring for more of the same.” She w;e. 
given firm assurances as to the mild nature of the chem 
icals used in the spray operations: 

The defoliants used, according to the military spokes 
man contacted, are the same herbicides ... as those useil 
commercially over some four million acres in the United 
States. In the strengths used in Vietnam they are noi 
at all harmful to humans or animals, the spokesman 
pointed out, and in illustration of this he dabbed onto 
his tongue a bit of liquid from one of . . . three bottles 
sitting on his desk. 

As the apparently inexorable advance of defoliation 
operations in South Vietnam continued, a number of 
scientists in the United States began to protest the mili¬ 
tary use of herbicides, contending that Vietnam was 
being used, in effect, as a proving ground for chemical 
and biological warfare. Early in 1966, a group of twenty- 
nine scientists, under the leadership of Dr. John Edsall, 
a professor of biochemistry at Harvard, appealed to 
President Johnson to prohibit the use of defoliants and 
crop-destroying herbicides, and called the use of these 
substances in Vietnam “barbarous because they are in- 
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"*■ 'iminate.” In the late summer of 1966, this protest 
' followed by a letter of petition to President Johnson 
f. mi twenty-two scientists, including seven Nobel lau- 
' The petition pointed out that the “large-scale use 
i •uitlorop and ‘non-lethal’ antipersonnel chemical 
* p "l M »w ^ Vietnam” constituted “a dangerous prece¬ 
din'' In chemical and biological warfare, and it asked 
I’m .sklent to order it stopped. Before the end of that 
.•■•I, l>r. Edsall and Dr. Matthew S. Meselson, a 

* tot vurd professor of biology, obtained the signatures 
•f live thousand scientists to co-sponsor the petition, 
i »< .pile these protests, the area covered by defoliation 

• •i" mtions in Vietnam in 1967 was double that covered 

,g66 > and the acreage of crops destroyed was nearly 
doubled. 

These figures relate only to areas that were sprayed 
Intentionally. There is no known way of spraying an 
■imi with herbicides from the air in a really accurate 
milliner, because the material used is so highly volatile, 

■ -pecially under tropical conditions, that even light wind 
•li ill can cause extensive damage to foliage and crops 
mifside the deliberately sprayed area. Crops are so sensi- 
Hvc to the herbicidal spray that it can cause damage to 
in Ids and gardens as much as fifteen miles away from the 
target zone. Particularly severe accidental damage is 
icported, from time to time, to so-called “friendly” crops 
in the III Corps area, which all but surrounds Saigon 
mid extends in a rough square from the coastline to the 
< umbodian border. Most of the spraying in III Corps 
In now done in War Zones C and D, which are classified 
un free fire zones, where, as one American official has 
put it, “everything that moves in Zones C and D is con- 
nidcred Charlie.” A press dispatch from Saigon in 1967 
quoted another American official as saying that every 
V ietnamese farmer in that corps area knew of the de¬ 
foliation program and disapproved of it. Dr. Galston, the 
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Yale biologist, who is one of the most persistent mh 
of American policy concerning herbicidal operation 
Vietnam, recently said in an interview, “We know n 
most of the truck crops grown along roads, canals, .n. i 
trails and formerly brought into Saigon have been css* n 
tially abandoned because of the deliberate or inadvei t< i 
falling of these defoliant sprays; many crops in tin 
Saigon area are simply not being harvested.” He a I 
cited reports that in some instances in which the in 
habitants of Vietnamese villages have been suspected • *i 
being Vietcong sympathizers the destruction of food 
crops has brought about complete abandonment of tin 
villages. In 1966, herbicidal operations caused extensive 
inadvertent damage, through wind drift, to a very Vdiyy 
rubber plantation northwest of Saigon owned by the 
Michelin rubber interests. As the result of claims made 
for this damage, the South Vietnamese authorities paid 
the corporate owners, through the American military, 
nearly a million dollars. The extent of the known in 
advertent damage to crops in Vietnam can be inferred 
from the South Vietnamese budget—in reality, the 
American military budget—for settling such claims. In 
1967, the budget for this compensation was three million 
six hundred thousand dollars. This sum, however, prob¬ 
ably reflects only the barest emergency claims of the 
people affected. 

According to Representative Richard D. McCarthy, a 
Democrat from upstate New York who has been a strong 
critic of the program, the policy of allowing applications 
for defoliation operations to flow, usually without ques¬ 
tion, from the level of the South Vietnamese provincial 
or district chiefs has meant that these local functionaries 
would order repeated sprayings of areas that they had 
not visited in months, or even years. The thought that a 
Vietnamese district chief can initiate such wholesale 
spraying, in effect without much likelihood of serious 
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i* fim* « by American military advisers, is a disquieting 
i*i *i number of biologists. Something that disquiets 
m ***, nf them even more is what they believe the long- 

P p r (frets of nine years of defoliation operations will 
mii (he ecology of South Vietnam. Dr. Galston, 
if Mil v lug recently before a congressional subcommittee 
- in inical and biological warfare, made these observa- 

i 


11 has already been well documented that some kinds 
-i plant associations subject to spray, especially by Agent 
«M iifttfc, containing 2,4-D and 2,4,5-T, have been irre- 
v * f ilhly damaged. I refer specifically to the mangrove 
sttocludons that line the estuaries, especially around the 
Jfeilgon River. Up to a hundred thousand acres of these 
(Mangroves have been sprayed. . . . Some [mangrove 
him us | had been sprayed as early as 1961 and have shown 
iii» substantial signs of recovery. . . . Ecologists have 
nown for a long time that the mangroves lining estuaries 
furnish one of the most important ecological niches for 
(In* completion of the life cycle of certain shellfish and 
migratory fish. If these plant communities are not in a 
healthy state, secondary effects on the whole interlocked 
web of organisms are bound to occur. ... In the years 
ahead the Vietnamese, who do not have overabundant 
a* mi rces of proteins anyhow, are probably going to suffer 
ilictarily because of the deprivation of food in the form 
of lish and shellfish. 

Damage to the soil is another possible consequence of 
extensive defoliation. . . . We know that the soil is not a 
dead, inert mass but, rather, that it is a vibrant, living 
community.... If you knock the leaves off of trees once, 
twice, or three times . . . you change the quality of the 
Noil. .. . Certain tropical soils—and it has been estimated 
that in Vietnam up to fifty per cent of all the soils fall 
into this category—are laterizable; that is, they may be 
Irreversibly converted to rock as a result of the depriva¬ 
tion of organic matter. . . . If . . . you deprive trees of 
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leaves and photosynthesis stops, organic matter in lit* 
soil declines and laterization, the making of brick, m>. 
occur on a very extensive scale. I would emphasize ili.it 
this brick is irreversibly hardened; it can’t be made ba« l 
into soil. . . . 

Another ecological consequence is the invasion of .m 
area by undesirable plants. One of the main plants th.»< 
invade an area that has been defoliated is bambini 
Bamboo is one of the most difficult of all plants to destroy 
once it becomes established where you don’t want it. It • 
not amenable to killing by herbicides. Frequently it has to 
be burned over, and this causes tremendous dislocation, 
to agriculture. 

Dr. Fred H. Tschirley, assistant chief of the Crops 
Protection Research Branch of the Department of Agri 
culture, who made a month’s visit to Vietnam in tin- 
spring of 1968 in behalf of the State Department to 
report on the ecological effects of herbicidal operations 
there, does not agree with Dr. Galston’s view thai 
laterization of the soil is a serious probability. However, 
he reported to the State Department that in the Rung Sal 
area, southeast of Saigon, where about a hundred thou 
sand acres of mangrove trees had been sprayed with 
defoliant, each single application of Agent Orange had 
killed ninety to a hundred per cent of the mangroves 
touched by the spray, and he estimated that the regen¬ 
eration of the mangroves in this area would take another 
twenty years, at least. Dr. Tschirley agrees with Dr. 
Galston that a biological danger attending the defolia¬ 
tion of mangroves is an invasion of virtually ineradicable 
bamboo. 

A fairly well-documented example not only of the 
ecological consequences of defoliation operations but 
also of their disruptive effects on human life was pro¬ 
vided last year by a rubber-plantation area in Kompong 
Cham Province, Cambodia, which lies just across the 


DEFOLIATION 15 


* *d* i from Vietnam’s Tay Ninh Province. On June 2, 

* the Cambodian government, in an angry diplo- 
note to the United States government, charged 

1 1 billed States with major defoliation damage to rub- 

1 = * pi natations, and also to farm and garden crops in 
n- province, through herbicidal operations deliberately 

* Htilucted on Cambodian soil. It demanded compensa- 

of eight and a half million dollars for destruction 
■ s< rious damage to twenty-four thousand acres of 

* * * *«it nd crops. After some delay, the State Department 

•hi eded that the alleged damage might be connected 
witli "accidental drift” of spray over the border from 
b« rblcidal operations in Tay Ninh Province. The De- 
tmuo Department flatly denied that the Cambodian areas 
hml been deliberately sprayed. Late in June, the State 
l *• purtment sent a team of four American scientists to 
1 umbodia, and they confirmed the extent of the area of 
•bun it go that the Cambodians had claimed. They found 
Mini although some evidence of spray drift across the 
Vietnamese border existed, the extent and severity of 

* inui age in the area worst affected were such that “it is 
highly unlikely that this quantity could have drifted over 
f »om the Tay Ninh defoliation operations.” Their report 
mhlcd, “The evidence we have seen, though circum- 
H initial, suggests strongly that damage was caused by 

* ihret overflight.” A second report on herbicidal damage 
to flic area was made after an unofficial party of Amer- 
l» mi biologists, including Professor E. W. Pfeiffer, of the 
l hiiversity of Montana, and Professor Arthur H. West¬ 
ing, of Windham College, Vermont, visited Cambodia 
h n* I December at the invitation of the Cambodian gov- 
»i ninent. They found that about a third of all the rubber 
bees currently in production in Cambodia had been 
damaged, and this had happened in an area that nor¬ 
mally had the highest latex yield per acre of any in the 
world. A high proportion of two varieties of rubber trees 
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in the area had died as a result of the damage. . 
Dr. Westing estimated that the damage to the l.u. * 
producing capacity of some varieties might persist i 
twenty years. Between May and November of last y. .. 
latex production in the affected plantations fell off I>\ ... 
average of between thirty-five and forty per cent. A. 
cording to a report by the two scientists, “A large vai 1.1 
of garden crops were devastated in the seemingly cm.! 
less number of small villages scattered thoughout Hi. 
affected area. Virtually all of the . . . local inhabitant' 
. . . depend for their well-being upon their own l<>< <ii 
produce. These people saw their crops . . . literal I •, 
wither before their eyes.” The Cambodian claim is still 
pending. 

Until the end of last year, the criticism by biologists < .1 
the dangers involved in the use of herbicides centered 
on their use in what were increasingly construed a 
biological-warfare operations, and on the disruptiv. 
effects of these chemicals upon civilian populations and 
upon the ecology of the regions in which they were used 
Last year, however, certain biologists began to raise seri 
ous questions on another score—possible direct hazard 
to life from 2,4,5-T. On October 29th, as a result of 
these questions, a statement was publicly issued by Di 
Lee DuBridge, President Nixon’s science adviser. Jn 
summary, the statement said that because a laboratory 
study of mice and rats that had been given relatively 
high oral doses of 2,4,5-T in early stages of pregnancy 
“showed a higher than expected number of deformities” 
in the offspring, the government would, as a precaution¬ 
ary measure, undertake a series of coordinated actions 
to restrict the use of 2,4,5-T in both domestic civilian 
applications and military herbicidal operations. The 
DuBridge statement identified the laboratory study as 
having been made by an organization called the Bionet- 
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m »» «ii i'Ii Laboratories in Bethesda, Maryland, but 
details of either the findings or the data on 
ii.. v were based. This absence of specific infor- 
m mimu turned out to be characteristic of what has been 
m » * available to the public concerning this particular 
* project. From the beginning, it seems, there 
Hu extraordinary reluctance to discuss details of 
|mh pot ted ill effects of 2,4,5-T on animals. Six weeks 
tfi . the publication of the DuBridge statement, a jour- 
Mli*l who was attempting to obtain a copy of the full 
itfMMi made by Bionetics and to discuss its details with 
* ##M iif (he government officials concerned encountered 
going. At the Bionetics Laboratories, an official 
ilmt he couldn’t talk about the study, because “we’re 
•#«»!*-■ t wraps to the National Institutes of Health”—the 
m - * i nment agency that commissioned the study. Then, 
tug been asked what the specific doses of 2,4,5-T 
*hi i hat were said to have increased birth defects in the 
f iuwn of experimental animals, the Bionetics official cut 
if discussion by saying, “You’re asking sophisticated 
t»H lions that as a layman you don’t have the equipment 
*«• understand the answers to.” At the National Institutes 
• I lealth, an official who was asked for details of or a 
•PV of the study on 2,4,5-T replied, “The position I’m 
in hi that I have been requested not to distribute this in- 
f»»i mation.” He did say, however, that a continuing 
valuation of the study was under way at the National 
Institute of Environmental Health Sciences, at Research 
I»jungle Park, North Carolina. A telephone call to an 
..lllccr of this organization brought a response whose 
i* me varied from wariness to downright hostility and 
made it clear that the official had no intention of discuss¬ 
ing details or results of the study with the press. 

The Bionetics study on 2,4,5-T was part of a series 
i nr ried out under contract to the National Cancer Insti¬ 
tute, which is an arm of the National Institutes of Health, 
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to investigate more than two hundred compounds, m 
of them pesticides, in order to determine whril* 
they induced cancer-causing changes, fetus-defonm 
changes, or mutation-causing changes in experiment 
animals. The contract was a large one, involving 
than two and a half million dollars’ worth of rescan i. 
and its primary purpose was to screen out suspicion* 
looking substances for further study. The first visil i 
fruits of the Bionetics research were presented in Mm 1 
of last year before a convention of the American A\ 
ciation for the Advancement of Science, in the form ' 
a study of possible carcinogenic properties of the fills 
three compounds; the findings on 2,4,5-T were that n 
did not appear to cause carcinogenic changes in the an! 
mals studied. 

By the time the report on the carcinogenic property 
of the substances was presented, the results of anotlm 
part of the Bionetics studies, concerning the teratogenu 
or fetus-deforming, properties of the substances, wen 
being compiled, but these results were not immediately 
made available to biologists outside the government. The 
data remained—somewhat frustratingly, in the view ol 
some scientists who had been most curious about the 
effects of herbicides—out of sight, and a number of at 
tempts by biologists who had heard about the terato 
logical study of 2,4,5-T to get at its findings appear to 
have been thwarted by the authorities involved. Upon 
being asked to account for the apparent delay in making 
this information available to biologists, an official of the 
National Institute of Environmental Health Sciences 
(another branch of the National Institutes of Health) 
has declared, with some heat, that the results of the study 
itself and of a statistical summary of the findings pre¬ 
pared by the Institute were in fact passed on as they were 
completed to the Commission on Pesticides and Their 
Relationship to Environmental Health, a scientific group 
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«m«. .1 I»v Secretary of Health, Education, and Wel- 
- ** '•< 1 1 I inch and known—after its chairman, Dr. 

M Mink, of the University of California — as the 
i ..imnission. Dr. Samuel S. Epstein, chief of the 

* it - H ir; of Environmental Toxicology and Carcino- 

iM ihe Children’s Cancer Research Foundation 
b M **»m. who was co-chairman of the Mrak Commis- 
& .» |mm I considering the teratogenic potential of pesti- 
i* Ms a different story on the availability of the 
w* in m Ntudy. He says that he first heard about it in 
f i MMiy At a meeting of his panel in August, he asked 
t » n »«*|>y of the report. Ten days later, the panel was 

* m iIhii (lie National Institute of Environmental Health 
5 4* h, «•, would be willing to provide a statistical sum- 
• 1**0 v lull that the group could not have access to the 
Ml i * |*oi t on which the summary was based. Dr. Epstein 
Mi* flint the panel eventually got the full report on 
•* i'i» tuber 24th “by pulling teeth.” 

\MmilIy, as far back as February, officials at the 
| o*U»»iml Cancer Institute had known, on the basis of a 
, m Ihninary written outline from Bionetics, the findings 
i i lu Bionetics scientists on the fetus-deforming role of 
I *' T. Dr. Richard Bates, the officer of the National 

* Illutcs of Health who was in charge of coordinating 
»h. llionetics project, has said that during the same 
**** 'illli this information was put into the hands of offi- 

i»iU of the Food and Drug Administration, the Depart- 

* * * * ill of Agriculture, and the Department of Defense. 
Wr had a meeting with a couple of scientists from Fort 

I H trick, and we informed them of what we had learned,” 
i M Hates said recently. “I don’t know whether they were 
Hh right people for us to see. We didn’t hear from them 
rtgttln until after the DuBridge announcement at the 
White House. Then they called up and asked for a copy 
*»f ihe Bionetics report.” 

At the Department of Agriculture, which Dr. Bates 
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said had been informed in February of the preliniiu ... 
Bionetics findings, Dr. Tschirley, one of the officials m. 
intimately concerned with the permissible uses of hd, 
cidal compounds, says that he first heard about the i 
port on 2,4,5-T through the DuBridge announccinrm 
At the Food and Drug Administration, where appi • 
priate officials had been informed in February of Hu 
teratogenic potential of 2,4,5-T, no new action w, 
taken to safeguard the public against 2,4,5-T in foo.l 
stuffs. In fact, it appears that no action at all was taken 
by the Food and Drug Administration on the mall., 
during the whole of last year. The explanation thul 
F.D.A. officials have offered for this inaction is that tin v 
were under instructions to leave the whole question aloru 
at least until December, because the matter was undn 
definitive study by the Mrak Commission—the very 
group whose members, as it turns out, had such extrao. 
dinary difficulty in obtaining the Bionetics data. Tli. 
Food Toxicology Branch of the F.D.A. did not have 
access to the full Bionetics report on 2,4,5-T until aftn 
Dr. DuBridge issued his statement, at the end of (X 
tober. 

Thus, after the first word went to various agencies 
about the fetus-deforming potential of 2,4,5-T, and 
warning lights could have flashed on in every branch of 
the government and in the headquarters of every com¬ 
pany manufacturing or handling it, literally almost noth¬ 
ing was done by the officials charged with protecting 
the public from exposure to dangerous or potentially 
dangerous materials—by the officials in the F.D.A., in 
the Department of Agriculture, and in the Department 
of Defense. It is conceivable that the Bionetics findings 
might still be hidden from the public if they had not been 
pried loose in midsummer through the activities of a 
group of young law students. The students were mem¬ 
bers of a team put together by the consumer-protection 
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^ i Itnlph Nader—and often referred to as Nader’s 
to explore the labyrinthine workings of the 

# l .ind Drug Administration. In the course of their 

one of the law students, a young woman 
Anita Johnson, happened to see a copy of the 
ptHitilnnry report on the Bionetics findings that had 
U. .. jMissed on to the F.D.A. in February, and its ob- 

* .11. ms seemed quite disturbing to her. Miss Johnson 
¥ .•« a report to Nader, and in September she showed 
« • *|*y of the report to a friend who was a biology 
. . i< nt at Harvard. In early October, Miss Johnson’s 

* i* ml. in a conversation with Professor Matthew Mesel- 
, n mentioned Miss Johnson’s report on the preliminary 
Mi’Mictics findings. This was the first that Dr. Meselson 
( -1 heard of the existence of the Bionetics study. A few 
I • > previously, he had received a call from a scientist 
hii ml of his asking whether Dr. Meselson had heard of 

i lain stories, originating with South Vietnamese jour- 
nrtluis and other South Vietnamese, of an unusual inci- 
<» nee of birth defects in South Vietnam, which were 
.Urged to be connected with defoliation operations there. 

A few days later, after his friend sent him further 
information, Dr. Meselson decided to obtain a copy of 
ilie liionetics report, and he called up an acquaintance 
in a government agency and asked for it. He was told 
Hint the report was “confidential and classified,” and 
Inaccessible to outsiders. Actually, in addition to the 
preliminary report there were now in existence the full 
Mionctics report and a statistical summary prepared by 
flic National Institute of Environmental Health Sciences, 
mid, by nagging various Washington friends, Dr. Mesel- 

• >n obtained bootlegged copies of the two latest reports. 
What he read seemed to him to have such serious im¬ 
plications that he got in touch with acquaintances in the 
White House and also with someone in the Army to 
alert them to the problems of 2,4,5-T, in the hope that 
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some new restrictions would be placed on its u < 
cording to Dr. Meselson, the White House people api | 
ently didn’t know until that moment that the repot i 
the adverse effects of 2,4,5-T even existed. (Am. 4 
that time, according to a member of Nader’s Raida * 
tremendous lid was put on this thing” within govt a | 
ment agencies, and on the subject of the Bionetics v » 
and 2,4,5-T “people in government whom we’d I « 
talking to freely for years just shut up and wouldn’i » 
a word.”) While Dr. Meselson awaited word on n» 
matter, a colleague of his informed the press aboui h* 
findings of the Bionetics report. Very shortly thercali* 

Dr. DuBridge made his public announcement of n 
proposed restrictions on the use of 2,4,5-T. 

In certain respects, the DuBridge announcement r - 
curious document. In its approach to the facts ab«»» • 

2,4,5-T that were set forth in the Bionetics report, 
reflects considerable sensitivity to the political and in in 
national issues that lie behind the widespread use • f ! 
this powerful herbicide for civilian and military pui 1 
poses, and the words in which it describes the reasom I 
for restricting its use appear to have been very careful I , I 
chosen: 

The actions to control the use of the chemical wem 
taken as a result of findings from a laboratory study con I 
ducted by Bionetics Research Laboratories which imli 
cated that offspring of mice and rats given relatively lan * I 
oral doses of the herbicide during early stages of pro# 
nancy showed a higher than expected number of dc 
fortuities. 

Although it seems improbable that any person couM ! 
receive harmful amounts of this chemical from any of I 
the existing uses of 2,4,5-T, and while the relationship*, 
of these effects in laboratory animals to effects in man 
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i ml I rely clear at this time, the actions taken will 
. ..My of the public while further evidence is being 

% *M 

It M .iri ions, according to the statement, included 
I m* that the Department of Agriculture would 
i Manufacturers’ registrations of 2,4,5-T for use on 
effective at the beg innin g of 1970, “unless 
I mi time the Food and Drug Administration has 
l hI it basis for establishing a safe legal tolerance in 
t* i m b »ods,” and that the Departments of Agriculture 
m i ill. Interior, in their own programs, would stop the 
v- .f ;,4,5-T in populated areas and in all other areas 

- tun. irsldues of the substance could reach man. As for 
m ui.li v uses of 2,4,5-T, the statement said, “The chemi- 

i i. Hleclive in defoliating trees and shrubs and its 
m in South Vietnam has resulted in reducing greatly 
•I** number of ambushes, thus saving lives.” However, 
•m Mntement continued, “the Department of Defense 
*ui | henceforth] restrict the use of 2,4,5-T to areas 

- M.i. from the population.” 

Ml this sounds eminendy fair and sensible, but 
iIut it represents a candid exposition of the facts 
ail 2, 4,5-T and the Bionetics report is debatable. The 
hllo House statement that the Bionetics findings “in- 
uted that offspring of mice and rats given relatively 
oral doses of the herbicide during early stages of 
iMumcy showed a higher than expected number of 
f nrmities” is, in the words of one eminent biologist 
ho has studied the Bionetics data, “an understate- 
•*». ut” He went on to say that “if the effects on experi- 
• utiil animals are applicable to people it’s a very sad 
ml serious situation.” The actual Bionetics report 
< bribed 2,4,5-T as producing “sufficiently prominent 
'lints of seriously hazardous nature” in controlled 
M»oriments with pregnant mice to lead the authors “to 
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categorize [it] as probably dangerous.” The . . . 

found 2,4-D “potentially dangerous but needing in, 
study.” As for 2,4,5-T, the report noted that, win 
exception of very small subcutaneous dosage. 
dosages, routes, and strains resulted in increase, j . 

dence of abnormal fetuses” after its administraii,,., t 
abnormalities in the fetuses included lack of eyes, r , 
eyes, cystic kidneys, cleft palates, and enlarged li- 
The Bionetics report went on to report on further c, | 
mental applications of 2,4,5-T to another species: 

Because of the potential importance of the findlni 
mice, an additional study was carried out in rats ol ,, 
Sprague-Dawley strain. Using dosages of 21.5 anti „ 
m g/kg [that is, dosages scaled to represent 21.5 and i. 
milligrams of 2,4,5-T per kilogram of the experiment 
animal’s body weight] suspended in 50 per cent In..,, 
and given by the oral route on the 6th through 15th .1. 
of gestation, we observed excessive fetal mori.ln 
(almost 80 per cent) and a high incidence of abnon„.,i 
ities in the survivors. When the beginning of admim .n, 
tion was delayed until the 10th day, fetal mortality «> 
somewhat less but still quite high even when dosage w« 
reduced to 4.6 mg/kg. The incidence of abnormal fetn . ■ 
was threefold that in controls even with the small, 
dosage and shortest period used. . . . 

It seems inescapable that 2,4,5-T is teratogenic in. 

strain of rats when given orally at the dosage schcdul, 
used here. 

Considering the fetus-deforming effects of the low, ., 
oral dosage of 2,4,5-T used in the Bionetics work on rat 
—to say nothing of the excessive fetal mortality— 1 1 1 , 
White House statement that “relatively large oral do* 
of the herbicide ... showed a higher than expected nun, 
ber of deformities” is hardly an accurate description ol 
the results of the study. In fact, the statistical table 
presented as part of the Bionetics report showed that ai 
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• Mini dosage of 2,4,5-T given to pregnant rats 
,»h. u ntil and fifteenth days of gestation thirty- 

I pi unit of the fetuses produced were abnormal, 
r nines the figure for control animals. At what 

sM *Hh ut much question be described as “relatively 
«ud doses” of the herbicide—dosages of 21.5 and 

* 4 per kilogram of body weight of rats, for 

#I **n|'i* the percentage of abnormal fetuses was ninety 

hundred per cent, respectively, or a good bit higher 
M. would be likely to deduce from the phrase “a 
# Hum expected number of deformities.” The asser- 
tr u ilmi “it seems improbable that any person could 
h i» * harmful amounts of this chemical from any of 
th* . i luting uses of 2,4,5-T” also appears to be worth 
t« null ting, for this is precisely what many biologists are 
* -i worried about in relation to 2,4,5-T and allied 

ftthtl MltCOS. 

I I m oins fair, before going further, to quote a caution- 
uolc in the DuBridge statement: “The study involved 

Mlvcly small numbers of laboratory rats and mice. 
M -m extensive studies are needed and will be under- 
u n At best it is difficult to extrapolate results ob- 
‘M. d with laboratory animals to man—sensitivity to a 

• n compound may be different in man than in animal 
•p* ctcs. . . It would be difficult to get a biologist to 

mice with these seemingly sound generalities. How- 
i. I he first part of the statement does imply, at least 
i" i layman, that the number of experimental anim als 
■ • li in the Bionetics study had been considerably 
Muillcr than the numbers used to test commercial com- 
i". unils other than 2,4,5-T before they are approved by 
riiM-ncies such as the Food and Drug Administration 
•mil the Department of Agriculture. In this connection, 
i lie curious layman could reasonably begin with the 
Mvommendations, in 1963, of the President’s Science 
Advisory Committee on the use of pesticides, which 
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proposed that companies putting out pesticide. ,i 
be required from then on to demonstrate the s;i(. i 
their products by means of toxicity studies on iwn , 
erations of at least two warm-blooded mamniH || 
species. Subsequently, the F.D.A. set up new i. 
requirements, based on these recommendation 
companies producing pesticides. However, accordm, , 
E>r. Joseph McLaughlin, of the Food Toxicology Iti ... ♦ 
of the F.D.A., the organization actually requires up, 
cants for permission to sell pesticides to present ii# 
results of tests on only one species (usually, in pr;u n < 
the rat). According to Dr. McLaughlin, the av.i « 
number of experimental animals used in studio* .* 
pesticides is between eighty and a hundred and si»t| 
including animals used as controls but excluding lit i. 
produced. The Bionetics studies of 2,4,5-T used l.m 
mice and rats, and their total number was, in I.., i 
greater, not less, than this average. Including com mi, 
but excluding Utters, the total number of animals u 
in the 2,4,5-T studies was two hundred and twenty-ln. 
Analysis of the results by the National Institute „i 
Environmental Health Sciences found them statistical 
“significant,” and this is the real purpose of such 
study: it is meant to act as a coarse screen to shake out 
of the data the larger lumps of bad news. Such a stu<l 
is usually incapable of shaking out anything smallci 
another kind of study is needed to do that. 

Thus, the DuBridge statement seems to give rise in 
this question: If the Bionetics study, based on the effect 
of 2,4,5-T on two hundred and twenty-five experimental 
animals of two species, appears to be less than conclu 
sive, on the ground that “the study involved relatively 
small numbers of laboratory rats and mice,” what is on. 
to think of the adequacy of the tests that the manu 
facturers of pesticides make? If, as the DuBridge state 
ment says, “at best it is difficult to extrapolate results 


DEFOLIATION 27 


mm I Mill laboratory animals to man,” what is one 
f flu- protection that the government affords the 
**.. h when the results of tests of pesticidal sub- 
™ mi perhaps a hundred and twenty rats are offi- 
H r iitnpolated to justify the use of the substances 
, : lmintion of two hundred million people—not to 

f mi nnc to two million unborn babies being carried 
m n mothers’ wombs? 

Mi* very coarseness of the screen used in all these 
tM*!. flint is, the relatively small number of animals 
t* h m I means that the bad news that shows up in the 
- ** i hi* to be taken with particular seriousness, because 
ii rlfccts tend not to be demonstrable at all. The 
& h quacy of the scale on which animal tests with, for 
-nut*, pesticides are currently being made in this 
Hiiy to gain F.D.A. approval is further indicated by 
? tut that a fetus-deforming effect that might show 
i H ii thousand test animals were used is almost never 
11 * • <1 up, since the studies are not conducted on that 
** *| 0 , yet if the material being tested turned out to have 
.une effect, quantitatively, on human beings, this 
•ilil mean that it would cause between three and four 
itmtuid malformed babies to be produced each year, 
f!«« irratogenic effects of 2,4,5-T on experimental ani- 
Mihi used by the Bionetics people, however, were not 
m lift' order of one in a thousand. Even in the case of the 
i *wrNt oral dose given rats, they were on the order of 
•mm in three. 

Again, it is fair to say that what is applicable to rats 
Mich tests may not be applicable to human beings. But 
M In also fair to say that studies involving rats are con- 
• i mi led not for the welfare of the rat kingdom but for the 
ultimate protection of human beings. In the opinion of 
Mi Epstein, the fact that the 2,4,5-T used in the 
iii» metics study produced teratogenic effects in both mice 
muI rats underlines the seriousness of the study’s impli- 
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cations. In the opinion of Dr. McLaughlin, tin . > 
further underlined by another circumstance- Hi •** 
rat, as a test animal, tends to be relatively rcsr.i 
teratogenic effects of chemicals. For example, in Hu ^ 
nineteen-fifties, when thalidomide, that disasli- (j 
teratogenic compound, was being tested on rats in 4 
dosages ranging from low to very high, no disc i* n- *1 
fetus-deforming effects were produced. And Di ? U ] 
Laughlin says that as far as thalidomide tests on rah m 
were concerned, “You could give thalidomide to rah d 
in oral doses at between fifty and two hundred hm*j 
the comparable human level to show any compare 
teratogenic effects.” In babies born to women who in* * 
thalidomide, whether in small or large dosages m 
whether in single or multiple dosages, between the *.mi 
and seventh weeks of pregnancy, the rate of defoimaiu 
was estimated to be one in ten. 

Because of the relatively coarse testing screen thron, 
which compounds like pesticides—and food additive . 
well—are sifted before they are approved for general 
specialized use in this country, the Food and Drug A*i 
ministration theoretically maintains a policy of stipulm 
mg, as a safety factor, that the maximum amount . < 
such a substance allowable in the human diet range front 
one two-thousandth to one one-hundredth of the high ■ 
dosage level of the substance that produces no harmful 
effects in experimental animals. (In the case of pesti 
cides, the World Health Organization takes a more con 
servative view, considering one two-thousandth of tin 
“no-effect” level in animal studies to be a reasonable 
safety level for human exposure.) According to tin 
standards of safety established by F.D.A. policy then 
no human being anywhere should ever have been ex 
posed to 2,4,5-T, because in the Bionetics study of rat 
every dosage level produced deformed fetuses. A “no 
effect” level was never achieved. 
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t Htrtki' a reasonable guess about the general safety 
* I for human beings, as the material has been 
paM i in now, the most appropriate population area 
.4 - « v« is probably not the relatively healthy and 
H# i \ I billed States, where human beings are perhaps 
pi#* quipped to withstand the assault of toxic sub- 
hut South Vietnam, where great numbers of 
*»m*. me half-starved, ravaged by disease, and racked 
Innumerable horrors of war. In considering any 
harmful effects of 2,4,5-T on human beings 
k v i* hiitm, some attempt has to be made to estimate the 
ItiMHit» >1 2,4,5-T to which people, and particularly preg- 
* 9 ** women, may have been exposed as a result of the 
hi *nird defoliation operations. To do so, a comparison 
4 Itiown rates of application of 2,4,5-T in the United 
It *, , und in Vietnam is in order. In this country, ac- 
*»ling to Dr. Tschirley, the average recommended 
*, pll» ntion of 2,4,5-T in aerial spraying for woody-plant 
is between three-quarters of a pound and a 
mid per acre. There are about five manufacturers of 
‘ • I in this country, of which the Dow Chemical 

• mtpnny is one of the biggest. One of Dow Chemical’s 
•« ' sellers in the 2,4,5-T line is Esteron 245 Concen- 

*i., mid the cautionary notes that a drum of Esteron 
mi on its label are hardly reassuring to anyone lulled 

* - piior allegations that 2,4,5-T is a substance of low 
milcity: 


CAUTION- 

MAY CAUSE SKIN IRRITATION 
Avoid Contact with Eyes, Skin, 
and Clothing 

Keep out of the reach of children 

I Indcr the word “warning” are a number of instruc- 
•ii*. concerning safe use of the material, and these 
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include, presumably for good reason, the folio - 
admonition: 

Do not contaminate irrigation ditches or water n... 
for domestic purposes. 

Then comes a “notice”: 

Seller makes no warranty of any kind, express 
implied, concerning the use of this product. Dut 
assumes aU risk of use or handling, whether in acc.M 
ance with directions or not. 

The concentration of Esteron recommended—suhj. 
to all these warnings, cautions, and disclaimers- l<„ 
aerial spraying in the United States varies with the tyi* 
of vegetation to be sprayed, but probably a fair average 
would be three-quarters to one pound acid equivakm 
of the raw 2,4,5-T per acre. In Vietnam, however the 
concentration of 2,4,5-T for each acre sprayed has ben, 
n ar . In Agent Orange, the concentrations of 
2,4,5-T have averaged thirteen times the recommended 
concentrations used in the United States. The principal 
route through which quantities of 2,4,5-T might be ex 
pected to enter the human system in Vietnam is through 
inking water, and in the areas sprayed most drinking 
water comes either from rainwater cisterns fed from 
house roofs or from very shallow wells. It has been 
calculated that, taking into account the average amoum 

, ’ ’ ~^. m Agent Orange sprayed per acre in Vietnam 

by the military, and assuming a one-inch rainfall (which 
is quite common in South Vietnam) after a spraying, 
a forty-kilo (about eighty-eight-pound) Vietnamese 
woman drinking two litres (about 1.8 quarts) of con¬ 
taminated water a day could very well be absorbing into 
her system a hundred and twenty milligrams, or about 
one two-hundred-and-fiftieth of an ounce, of 2,4,5-T a 
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= ili.it is, a daily oral dosage of three milligrams of 
I per kilo of body weight. Thus, if a Vietnamese 

* ■ mi who was exposed to Agent Orange was preg- 

* ■ he might very well be absorbing into her system 
i'H. i-ntage of 2,4,5-T only slightly less than the per- 

* that deformed one out of every three fetuses of 
pirgnant experimental rats. To pursue further the 
I Minn of exposure of Vietnamese to 2,4,5-T concen¬ 
ts mi. mis in relation to concentrations officially considered 
Mh for Americans, an advisory subcommittee to the 
otary of the Interior, in setting up guidelines for 
.Minum safe contamination of surface water by pesti- 
■ mid allied substances some time ago, recommended 
- i *mcentration of one-tenth of a milligram of 2,4,5-T 
in «Mie litre of drinking water as the maximum safe con- 
mi ration. Thus, a pregnant Vietnamese woman who 
inrrsted a hundred and twenty milligrams of 2,4,5-T in 
two litres of water a day would be exposed to 2,4,5-T at 
i • hundred times the concentration officially considered 
dr lor Americans. 

Moreover, the level of exposure of Vietnamese people 
In sprayed areas is not necessarily limited to the con- 
« nitrations shown in Dr. Meselson’s calculations. 
Sometimes the level may be far higher. Dr. Pfeiffer, the 
l iniversity of Montana biologist, says that when difficul¬ 
ties arise with the spray planes or the spray apparatus, 
ni when other accidents occur, an entire thousand-gallon 
load of herbicidal agent containing 2,4,5-T may be 
dumped in one area by means of the thirty-second emer¬ 
gency-dumping procedure. Dr. Pfeiffer has recalled 
going along as an observer on a United States defoliation 
mission last March, over the Plain of Reeds area of Viet¬ 
nam, near the Cambodian border, during which the 
technician at the spray controls was unable to get the 
apparatus to work, and thereupon dumped his whole 
load. “This rained down a dose of 2,4,5-T that must 
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sZ & 5 fantasticaUy concentrated,” Dr. Pfciri,. , 
IC , Was relea sed on a very watery spot (l.ai i,, . , 

I^e headwaters drainin g into the Mekong Rive, 

° f Pe ° Ple US6 -” 111 a "‘>'<'" ■ 
stance, he has recalled, a pilot going over the an-, , 

supposedly “friendly” Catholi! relgTe Sag ! f 

Nar, near Bren Hoa, had serious engine trouble J 

S f ra y load of herbicide on or - „ 

dumL mStances ’ ^ concentration of 2 i , 

aSS i X“r an h inh ? ited 111 Vietnam P""'** 

averaged about a hundred and thirty times the 

tration recommended by 2 4 5 T marmf * ' 

effeefive „ * . y l manufacturers as I. * 
ettective and safe for use m the United States. 

Thborbtoauv to dangers . 

2,4,5-T should have been removed by means „r „ 

SbeJT qtok ‘ h 'd Whi ‘ e , HOUM l ■ - 

R ; . ' T ck readm g °f the statement by Dr I 

would Up, r. r» • , 5 ' T m Vietnam, just as their 

aSu!^ ° f Departments 

pouey « to D ^L"r 2 ? 5 7 de “ 

article went on: * 1 
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i mi (Agon spokesman’s explanation of the policy, 
-i .4 morning press briefing, differed markedly from 
■* ..m. n version given reporters later. 

* i mm i I lie written statement was distributed, reporters 
* ■i.ilil not to use the spokesman’s [previous] comment 
a i 11 tit defoliant ... is used against enemy “training 
« i i ^groupment centers.” 

It.* nfulement was expunged after a reporter asked 
•wt* imo ngainst such centers conformed to the Defense 
i 1 **4 1 1merit’s stated policy of prohibiting its use in 
f«if<ulAtcd areas.” 

i»m( die statement wasn’t so easily expunged. A short 
Infer, it was made again, in essence, by Rear Ad- 
William E. Lemos, of the Policy Plans and Na¬ 
il mil Security Council Affairs Office of the Department 
m! l k fense, in testimony before a subcommittee of the 
91 mno foreign Affairs Committee, the only difference 
Mug that the phrase “training and regroupment cen- 
♦*.h l>ccame “enemy base camps.” And in testifying 
ill aI (ho military was mounting herbicidal operations on 
aii. ged enemy base camps Rear Admiral Lemos said: 

Wc know . . . that the enemy will move from areas 
tint t have been sprayed. Therefore, enemy base camps or 
unit headquarters are sprayed in order to make h i m move 
(«» avoid exposing himself to aerial observation. 

If one adds to the words “enemy base camps” the ex¬ 
punged words “training and regroupment centers”— 
4 4 n(crs that are unlikely to operate without an accom- 
I•allying civilian population— what the Defense Depart¬ 
ment seems actually to be indicating is that the “areas 
Mmote from the population” against which the United 
Mules is conducting military herbicidal operations are 
iemote from the population” at least in part because 
of these operations. 
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of ZIT*™** fi ° dingS °» ,h « K«Io S =. 

Defense indicated that it put il l ! 
suggested by the report A k ln tl,u ,l " 

Bionetics report was assured Wat “therms ncf ' 
alarm about defoliants»» a i mere ls D0 c,Ul ' 

MtLSW b “J5 L7 ~ 
rssi?** ?r~ V'“: 

And te J as ™ « Z aS °” SPOteOTa “ SSid ’ “ N " 

bighiy anima,s 

which even under “normal” • ^ese population, 
of a statistically incalculable 
tron and infant-mortality rate, was not ^ ^ ' 

•^SWiSSrES 

n.;srstr?sHs~ : 

massive, unpredictable, and potentially mZZZJZ. 
consequences” that might “imVair the heS^tm 
generations,” announced it as his decision that th U 

-r,?* uni “ st «“ -s 

lethal biological agents and weapons and ah '?W 
methods of biological warfare.” Later ’a White HoW 
spokesman, in answer to questions by Spotters whe Z 
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i mi li"(I die use of herbicidal, defoliant, or crop- 
0**§ • Im mlcals in Vietnam, made it clear that the new 
♦ Mid not encompass herbicides. 

* • t lie President’s statement did specifically re- 

fp**** ill other methods of biological warfare,” the 
iM* *"‘l»lr assumption is that the United States govem- 
§@M‘i il*M n not consider herbicidal, defoliant, and crop- 
Mfe* »'j!' iiitions against military and civilian popula¬ 
te# (•• !*<• part of biological warfare. The question there¬ 
in* oatmlns: What does the United States government 
i biological warfare to consist of? The best place 

• ’ for an authoritative definition is a work known 
$4 Mm lolnt Chiefs of Staff Dictionary, an official publi- 
>«« n llmt governs proper word usage within the mili- 
Un * ntublishment. In the current edition of the Joint 
H.. i, of Staff Dictionary, “biological warfare” is de- 
*»«••! ms (he “employment of living organisms, toxic 
i lojitral products, and plant-growth regulators to pro- 

• - • death or casualties in man, animals, or plants or 
» 1 h .i* against such action.” But the term “plant-growth 

• f oinu>rs” is nowhere defined in the Joint Chiefs of Staff 
Mi Monary, and since a certain technical distinction 

.•III l>c made (by weed-control scientists, for example) 
i* (wren plant-growth regulators and defoliants, the 
i “ lion of whether the Joint Chiefs consider military 

• foliation operations part of biological warfare is left 

.M ur. As for “defoliant agents,” the Dictionary de- 

' ••• such an agent only as “a chemical which causes 
‘•.m, shrubs, and other plants to shed their leaves pre- 
*»• iiurcly.” All this is hardly a surprise to anyone familiar 

•Mi (he fast semantic legerdemain involved in all offi- 

• *»! statements on biological warfare, in which defolia- 
• *n has the baffiingly evanescent half-existence of a pea 
under a shell. 

l o find that pea in the official literature is not easy. 
Mul it is reasonable to assume that if the Department of 
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Defense were to concede officially that “defoliant , 
were in the same category as “plant-growth regular, 
that produce death ... in plants,” it would thn ( 
also be conceding that it is in fact engaging in the- i... 
logical warfare that President Nixon has renounced \i<4 
such a concession seems to have been run to earth t 
the current edition of a Department of the Army 
lication entitled “Manual on Use of Herbicides for M,i, 
tary Purposes,” in which “antiplant agents” are dclin. 
as “chemical agents which possess a high offensive i 
tential for destroying or seriously limiting the produeii. i, 
of food and defoliating vegetation,” and goes on, “Th. . 
compounds include herbicides that kill or inhibit th. 
growth of plants; plant-growth regulators that either 
regulate or inhibit plant growth, sometimes causm 
plant death. . . .” The admission that the Depart 
ment of Defense is indeed engaging, through its defol... 
tion and herbicidal operations in Vietnam, in biologi. ,i 
warfare, as this is defined by the Joint Chiefs and as it 
has been formally renounced by the President, seem , 
inescapable. 

Since the DuBridge statement, allegations, apparenlly 
originating in part with the Dow Chemical Company 
have been made to the effect that the 2,4,5-T used in 
the Bionetics study was unrepresentative of the 2,4,5-T 
generally produced in this countiy, in that it contained 
comparatively large amounts of a certain contaminant, 
which, according to the Dow people, is ordinarily present 
in 2,4,5-T only in trace quantities. Accordingly, it has 
been suggested that the real cause of the teratogenic 
effects of the 2,4,5-T used in the Bionetics study may 
not have been the 2,4,5-T itself but, rather, the contami¬ 
nant in the sample used. The chemical name of the con¬ 
taminant thus suspected by the Dow people is 2,3,6 7- 
tetrachlorodi benzo-p-dioxin, often referred to simply’as 
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.. I hr 2,4,5-T used by Bionetics was obtained in 
<iii I lie Diamond Alkali Company, now known 
In .mond-Shamrock Company and no longer in 
im i . -Mil ns of manufacturing 2,4,5-T. It appears that 
ite t m *• in i* of a dioxin contaminant in the process of 
* nl»n lining 2,4,5-T is a constant problem among all 
m nlrti Hirers. Three years ago, Dow was obliged to 

* « iliiwn its 2,4,5-T plant in Midland, Michigan, for 

* : trtl months and partly rebuild it because of what 
m * (M ople variously described as “a problem” and 

t ♦. cldcnt.” The problem—or accident—was that 

* mis exposed to the dioxin contaminant during the 
a»t* * m of manufacture came down with an acute skin 

* Mniion known as chloracne. The Dow people, who 

with considerable pride of their toxicological work 
< n\‘ established our toxicology lab the year Ralph 
-I - 1 was bom,” a Dow public-relations man said re- 
Miily, showing, at any rate, that Dow is keenly aware of 
h t and his career), say that the chloracne problem 

* * long since been cleared up, and that the current level 
« die dioxin contaminant in Dow’s 2,4,5-T is less than 
in part per million, as opposed to the dioxin level in 

(in \4,5-T used in the Bionetics study, which is alleged 
have been between fifteen and thirty parts per million. 
\ .dentist at the DuBridge office, which has become a 
oordinating agency for information having to do with 
dir 2,4,5-T question, says that the 2,4,5-T used by Bio- 
Hofics was “probably representative” of 2,4,5-T being 
lin’d in this country—and presumably in Vietnam—at 
lhr time it was obtained but that considerably less of the 
(ontaminant is present in the 2,4,5-T now being pro¬ 
duced. Evidently, the degree of dioxin contamination 
piesent in 2,4,5-T varies from manufacturer to manu¬ 
facturer. What degree of contamination, high or low, was 
present in the quantities of 2,4,5-T shipped to South 
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to know. ^ Vaii ° US timCS m s P° kesm:i1 ' .. 

.• P ° mt about the dioxin contamination <,r , |j 

of ^ n y ™ portant one - because if the ,, J 
f the Dow people are correct and the cause of u. j 

bufZT CIt6d “ thC Bi ° netics stud y is no. 1 

be a^on^r 1 C ° ntaminant > ^n this contanm, J 
known Dr^MT 81 t ^ ato g emcaU y powerful a M ,„i 

Present in ; h M Jr aughlm has calculated that if il„ ... J 
present m the Bionetxcs 2,4,5-T was indeed res,,,,, ] 

for the teratogenic effects on the experimental !. J 

least ten^ho 0 ^* 6 COntaminant would have (,. I..J 

ats tZ ZT T S m ° re terato g e nicaIIy a, „ 1 
rats than thahdomide was found to be in J 

prevaience^f th T** ® Iannin S questioas 
appeal tw h ?u material 111 our environ,,,. j 

pSdSd^n ? heat the di0Xhl materi;i1 > " 3 

produced m a whole class of chemical substances U 
s trichlorophenols and pentachlorophenols Thc>« 

.. < 

£22* «— ^o7Z::: 

government scientists are now seriously speculating 
e possibihty that the deaths were at the end of a d,, 

The begaaWlth the spraying of com crops with 2 4 M 
The hypothesis is that residues nf ,w ’ 

2 4 5-T rpmoin , • , es °f dioxin present in n I 

,4,5 T remained in the harvested com and were 

centrated into certain by-products that were then I 

became absorbed *11?^ I 

1 

* m another study revealed that all the emb,,„ , 


■j/. jfsjf - ■ —a* V,*** -• --.1 ■ - 

\ V 
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i ti *v one twenty-millionth of a gram of dioxin 

It » t, hi rven more disquieting speculation about 
i # ♦ ». U (Imt 2,4,5-T may not be the only material 
im ■ n appears. Among the compounds that several 
Ipte* • • ! biologists and toxicologists suspect might 
• produce dioxin are the trichlorophenols and 
m* -='«h. . phenols, which are rather widely present in 
it ifiiiucnt in various forms. For example, a num- 
- I Oh nichlorophenols and pentachlorophenols are 
g * - lime killing agents in paper-pulp manufacture, 
-h picHcnt in a wide range of consumer products, 
ling adhesives, water-based and oil-based paints, 
IBiiMh ^ and lacquers, and paper and paper coatings, 
ft* *m used to prevent slime in pasteurizers and fungus 

• *#♦* in breweries and are also used in hair shampoo. 
m with the 2,4,5-T used in the Bionetics study, one 

m. phenol and one pentachlorophenol were tested 
i hi teratogenic results. But Dr. McLaughlin points 
* u» »i since there are many such compounds put out 
minus companies, these particular samples might 
h mhI to be—by the reasoning of the allegation that 
• l,5-T used by Bionetics was unusually dirty—un- 

* mlly clean. 

I »• McLaughlin tends to consider significant, in view 
*lu now known extreme toxicity and possible extreme 
uogenicity of dioxin, the existence of even very small 
m. Mints of the trichlorophenols and pentachlorophenols 
m food wrappings and other consumer products. Since 
1 production of dioxin appears to be associated with 
•i h temperature conditions, a question arises whether 
**»• no thermal conditions are met at any stage of produc- 
“••ii or subsequent use or disposal of such materials, even 
■ minute amounts. One of the problems here seems to 
1 ns Dr. Epstein has put it, “The moment you intro- 
ini e something into the environment it’s likely to be 
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burned sooner or later—that’s the way wi- p \ j 
nearly everything.” And most of these consume , i 
ucts may wind up in municipal incinerators, ni»i 
they are burned, the thermal and other condiii. ■ 
creating dioxin materials may quite possibly W .. I 
so, this could mean a release of dioxin material im m 
entire environment through the atmosphere. 

Yet so far the dioxin material now suspected «*f * J 
ing the fetus-deforming effects in experimental mJ 
has never been put through any formal teratology ,.i 2 
by any company or any government agency. If tin *] 
lation over the connection between dioxin in 2,4, *> I J 
the deaths of millions of baby chicks is borne I 
might mean that, quite contrary to the assump g 
made up to now that 2,4,5-T is rapidly decomp<> ( 
in soil, the dioxin material may be extremely pei > i 
as well as extremely deadly. 

So far, nobody knows — and it is probable that nol 
will know for some time—whether the fetus deform" « 
in the Bionetics study were caused by the 2,4,5-T h n 
by the dioxin contaminant, or by some other subsi." ■ 
or substances present in the 2,4,5-T, or whether lmm- 
fetuses react to 2,4,5-T in the same way as the fetm 
of the experimental animals in the Bionetics study. 11. 
ever, the experience so far with the employmeni 

2,4,5-T and substances chemically allied to it ouglu 
be instructive. The history of 2,4,5-T is related to prej 
rations for biological warfare, although nobody in il* 
United States government seems to want to admit till 
and it has wound up being used for purposes of biol< 
ical warfare, although nobody in the United States p 
emment seems to want to admit this, either. Sim 

2,4,5-T was developed, the United States govemnin 
has allowed it to be used on a very large scale on on 
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. , , countryside without adequate tests of 
* i„ south Vietnam—a nation we are attempt- 
. for seven full years the American military 
or dumped this biological-warfare material 

. Hide, on villages, and on South Vietnamese 

,Im women in staggering amounts. In tha.time hie 
SL*, imn sprayed or dumped on Vietnam fifty tho 

... herbicide, of which twenty thousand tons 

...».'ntly been straight 2,4,5-T. In addition the 

E.. uilitary has apparently made incursions mto a 

m , ountry, Cambodia, and rained down on an area 

. . . by thirty thousand civilians a vast <l ua “ 1 ^ 

7*1 Yet in the quarter of a century since the De- 
1L*,,, of Defense first developed the biological- 
tl,,,. ones of this material it has not completed a single 
„ l. ,.i formal teratological tests on pregnant animals 
, ,u m i mine whether it has an effect on their unborn 

”Cilrtrly. officials of the Dow Chemical Company, 
m the largest producers of 2,4,5-T, although t ey 
, ...... to divulge how much 2,4,5-T they are and have 

.,1 producing, admit that in all the Y^ that they 
, produced the chemical before the DuBndge state- 

..icy had never made formal teratological tests o 

2.4, 5-T, which they are now doing. The'Monsanto 
mlcal Company, another big producer, had, as tar 
. u known, never made such tests, either, nor, accord- 
,o an official in the White House, had any other 

. mfacturer. The Department of Agnculture has never 

. ,mired any such tests from manufacturers. The 
.„| Drug Administration has never required any sue 
from manufacturers. The first tests to determine 
..ratogenic effects 0 1 2,4,5-T were Mt made anrt 
,l„ National Institutes ol Health contracted for them 
ill, bionetics Laboratories. And even then, when the 





































42 DEFOLIATION 


adverse results of the tests became apparent, H * * , 

Dr. Epstein said, like “pulling teeth” to get tin* »i«»- | 
of the institutions involved. And when the <luu * i 
obtained and the White House was obliged, |»m» I 
outside pressure and publicity, to act, the Pu m 1 
science adviser publicly presented the facts m « J 
than candid manner, while the Department of I >• ; J 
for all practical purposes, ignored the whole hu 
and announced its intention of going on doing wi J 
had been doing all along. 

There have been a number of reports from Vi« 
both of animal abortions and of malformed human 1 
bies that are thought to have resulted from spim M 
operations in which 2,4,5-T was used. But such 1 
tered reports, however well founded, cannot rcall\ m 
much more light on the situation. The fact is that * 1 

in this country, the best-fed, richest, and certainly n» I 
statistics-minded of all countries on earth, the stain I i 
for testing materials that are put into the environ nn 
into drugs, and into the human diet are grossly in > j 
quate. The screening system is so coarse that, as a i< >■ 
tology panel of the Mrak Commission warned reccnii 
in connection with thalidomide, “the teratogenicity ^ 
thalidomide might have been missed had it not prodm - 
malformations rarely encountered.” In other words, It 
it not been for the fact that very unusual and parti* 
larly terrible malformations appeared in an obvm 
pattern—for example, similarly malformed babies 
the same hospital at about the same time—pregn.u 
women might still be using thalidomide, and lesser de!< 
mations would, so to speak, disappear into the genu 
statistical background. As for more subtle effects, sin i 
as brain damage and damage to the central nervous s\ 
tern, they would probably never show up as such at all 
If such risks existed under orderly, normal medical con 
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„ iilohly developed country, how is one ever 
' he harm that might be done to unborn 

T. rural Vietnam, in the midst of ^ -aMutn- 
tllHcnse, the trauma, the poverty, and the gen 
; i,nM»hU s of war? 
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*hMv i»I (lie public while further evidence 
1 44 Imrinful effects of 2,4,5-T] is being 

I 

N Mill* have passed, and 2,4,5-T is still being 
it*!* ly :t\ rver. The Department of Agriculture 
h< tHii< rl its permits for the use of the herbicide 
hh|i 4 in (his country, and the Department of 
i= .MMimuing to use it in populated areas of 
In thr meantime, officials of the Dow Chemical 
* which is one of the largest producers of 
iisi' r been maintaining that the samples of 
# i m*»*< 1 in the study cited by Dr. DuBridge, which 
4 n» by (he Bionetics Research Laboratories, of 
U. Maryland, were uncharacteristic of the 
i \ » unently being produced, because the material 
*= 1 ’ lllonctics—which did not come from Dow— 
i m lUiimlnated to an unusual extent by a toxic sub- 
)g£# $<h ntified as symmetrical 2,3,6,7-tetrachlorodi- 
r dioxin. This contaminant, usually called dioxin, 
Mrc* (I by the Dow people to be present in the 
N « il< samples at a concentration of approximately 
§»«** seven parts per million, and they claim that the 

* I I hat Dow is currently producing contains the 
|i mm contaminant in concentrations of less than one 

* i m i million. The Dow people maintain that their 
m ntl v produced 2,4,5-T does not appear to have the 
>4 * *l deforming rat fetuses. In January, a Dow official 
1 ! da Department of Health, Education, and Welfare, 

Imngly urge that action concerning the status 
i, *’ T be held in abeyance until [Dow’s] testing pro- 
mm h completed [in] April.” The United States govern- 
failure so far to place the promised restrictions 
tin- use of 2,4,5-T in this country may in part be 
i Ibiitcd to this plea. 

Ihrnuse of the seriousness of the issues involved, it 
• ms to rue that the government’s failure to act on the 
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use of 2,4,5-T here and in Vietnam calls for mu> i 
public discussion. Even though the dioxin coni * 
may now be present in 2,4,5-T in what the Dow t i i 
cal Company apparently considers to be no inoi, ^ 
tolerable amounts, the substance is of such pou-u* 
its release even in small concentrations must p«. | 

deep concern. In the presumably more heavily <!• 
contaminated samples of 2,4,5-T that were used »»• i -4 
Bionetics work, the smallest dosages of 2,4,5-T ih ^ 
test animals were given caused extensive defornni' > * 
fetuses. In more recent studies of the dioxin com • 
nant, conducted by Dr. Jacqueline Verrett, of llu 14 
and Drug Administration (who earlier was respond j 
for revealing the carcinogenicity of cyclamates), e • 
sive teratogenic, or fetus-deforming, effects were •> 
covered in chick embryos when the dioxin, or a disiiH ( 
predominantly consisting of it, was present at com 
trations of little more than a trillionth of a gram pci ■ 
of the egg. The magnitude of this effect on chick emhi 
may be gathered from the fact that, according to I 
Verrett’s studies, the dioxin appears to be a million tm i 
as potent a fetus-deforming agent as the notom ■ 
teratogen thalidomide was found to be in tests on elm i 
Of course, chick embryos are far down the biologi | 
ladder from human fetuses, and they are also extrcim 
sensitive to many substances. But even if, for theorcti* 
purposes, we reduced the teratogenic power of it 
dioxin, as shown in Dr. Verrett’s chick-embryo stuih* 
approximately a million times, we would still have m 
consider that we were dealing with a substance 
teratogenically potent as thalidomide. That the Unii 
States government permits the presence, even in minim 
amounts, of such a substance in herbicidal mixtures i 
be sold for spraying on food crops and on suburban 
lawns—where some of the chemical may enter shall<»• 
wells and other drinking-water supplies—is hardly 
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I m Ami it is particularly disturbing when one 

L . . in the quarter of a century in which 2,4,5- 

..i lir |„r to Dr. DuBridge’s announcement not a 
EL ... agency of the United States govern 

„ .. Department of Defense—which has b 

'I... huge quantities of 2,4,5-T on vast areas of 

mid not, as far as is known, the researchers 
. * «f the half-dozen large American chemical 

, , producing the material had ever so much as 
,, up a pregnant mouse to determine whether 
. . | «>■ the dioxin contaminant in it did any systemic 

.... harm to the fetus. Several studies of the 

„ now under way, but the United States govern- 
n iill seems to take the position that the 2,4,5-T 

: . . by Dow and other large chemical companies 

„ ..1.1 be considered innocent until it is P roved to b 
, .Wise. Meanwhile, 2,4,5-T is bemg sprayed on cer- 

, ... and on areas where it may come mto contact 

Hh human beings, cattle, and wildlife. In Vietnam, i i 
,l bring sprayed by the military m co nceutratiom that 
* i rtgc thirteen times as great as those that th 
., .mrers themselves recommend as safe and effective 

^'■s'lrueThaTSe teratogenicity of dioxin-as distinct 
(null dioxin-contaminated 2,4,5-T—has t 

Mlitblished in tests conducted on experimental armnak 
4 mammalian species. However, the direct toxtc,^r 
i., N lv-poisoning, effects—as distmet from fetus-defo 
!: y c ff P ects-of S dioxin are known to be veryhigh bo£ 
in animals and in human beings. In past stupes on , 
ili wages of forty-five millionths of a g«njper taloof the 
mother’s body weight have been found to kdl J P 





































ZitL a 1 t0 damage fetuses with dosap 

millionth of a gram per kilo. 

• Furt 1 ^ e , r ’ the effects of dioxin on human I., „ 
m small dosages, are known to be serious l mi 

seems “"‘f ring 2 ’ 4 ’ 5 ‘ T an illness calk-,I ., 
seems to have been widespread among the .. 
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* n porter replied that he didn’t think the 
f? • ai i’ii 2,4, 5-T and the Pill was a particularly 

r > (hi I lie reason that a woman using the Pill 
implny alternative methods of contraception, 

« Vietnamese woman exposed to herbicidal 
a m iIhwii hy the American military had no choice 
|p m*un\ 

i < * ilnipn the comparison between 2,4,5-T (and its 
|y§gft - Mhtminant) and commonly used pills is worth 
PPM#«# Suppose that such a dangerous substance as 
-'•♦m lound to be contained in a pill offered for 
itm ••nMimption in this country, and suppose that 
i iinlnnnt were present in such minute amounts 
§p §+» h lull following the prescribed dosages might in- 

C * hundredth of a milhonth of a gram of the con- 
hhiii per day. There is no doubt whatever that, 
jb# itliiig to existing Food and Drug Administration 
in.h. the F.D.A. would immediately ban produc- 
i muI Mile of the pill on the ground that it was highly 
in .i to pubhc health; in fact, the amount of such 
i ♦ «. nt contaminant that the F.D.A. would permit in 
i * u Milder the agency’s present policy on toxicity would 
*♦* »• t certainly be zero. 

* Nile 2, 4,5-T, with or without the dioxin contami- 
#*.i doesn’t come in pill form, it may be worthwhile 
My to calculate, on the basis of a hypothetical pill, 

% much 2,4,5-T (and dioxin) a Vietnamese woman 
mg In an area sprayed by the American military might 
.... .! in a day. It has already been calculated by reputa- 
# biologists that, if one takes into account the average 
-m *unt of 2,4,5-T sprayed per acre in Vietnam, and 
... takes into account a one-inch rainfall—such as is 
•Million there—after a spraying, a forty-kilo (about 
.,’hty-cight-pound) Vietnamese woman drinking two 
ini cm (about two quarts) of 2,4,5-T-contaminated water 
i, i day could be ingesting about a hundred and twenty 
























50 DEFOLIATION 

dioxin contanJnant at aie"i th f e 2 ’ 4 ’ 5 ' T . . 

which is what the Dow 0^1°°' P3rt pcr 
amount present in the 2 4 ??!^ ' S thc 
ducmg—the Vietnamese uL * * hey are currc ntl v , 
htUe over a tenth of TlZ W ° U ‘ d be ab "'" 

«" toes the anln, 7faf" ° f 
adult from the hypothetical nitTm™ 8 the systn " 
certainly find dang^oustol ^ ** RD A » I 
Vietnamese woman wSe to ^ Furthl1 - " 

say, after the spraying th l° f 1Ve a chiId tw„ , 
these same calculations woulrfif^ ° f 1,16 dioxin (l '" i 
her system (the evidence th^f^ then accum ul.if,, 
if s in mammalian^ S *«*«*• »«• . 

chlorinated hydrocarbon* Same manner •*« 

than the weight of the jusaerti? h° T) W ° UJd bc "" 
the existing evidence of ^ OVDm ' Consul,,, 

togemcity of the dioxin iZchicflTZ 8 °' '' '• 

toxtc effects on mammalian [ y ° S and its hiw, 

much dioxin in a mother’s bnd SeS ’ ' ^ presence <>f n 

of a human life surely has ominnf * Veiy be £ in "" 

Now, what about th « * S “implications, 

totally, the dioxin of 2,4,5-T itself? a.i 

from one stage of i K raam X"“e a . . 

chemical miracle the verv lasf , ' B V* by some ful "' 
removed from the finish^ 2 4 ^ d, '° Xin coul<l 1 

Pure’’ 2,4,5-T be harmless,’The^’ Ae . . 

even then 2 4 5-T ^ act seems to be Hi ,i 

have to be viewed with'sus^Tcio^ T* C ° Untiy > 
products of 2 4 5-T n ’ ^ or f he breakdown 

conditions, are (hemselves^apabir 11 t0 heat 011,1 ' 
her of responsible biologists of * act i 0rd,I « l ° a nun ' 
f s potential, the ultimate foffv di ° Xin - G,vv " 

hons in Vietnam was possiWv a Z defoliation open, 
f 66, when the military made during 1965 an,I 

defoliated areas to tXta 
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£ Im»I nil the oxygen in those areas would be 
“ «l I ’he apparent intention was to render the soil 
IA lire storm would also, of course, have the 
h* m -.f Inn ning or suffocating any living beings remain- 
t* in *iu area.) Operation Sherwood Forest, conducted 
| t <‘ f was an attempt to bum a defoliated section of 
a* M *1 Loi Woods. In October, 1966, the military 
H3 ration Pink Rose, a similar project. Neither 
9 pn projects, in which tons of napalm were thrown 
* i a «m lop of the residue of tons of sprayed 2,4,5-T, 
i \' mI«*(| in creating the desired effect; whether they 
- **nl into the atmosphere dioxin produced by the 
t**»k ilown products of the 2,4,5-T will probably never 
b known. 

I In ic are also less spectacular ways in which condi- 
H m„ suitable for the release of dioxin in Vietnam may 
fc* v« been created. For example, after areas accessible 
*, ioiuI have been defoliated, woodcutters move in to 
• i I* up the dead timber, which is then sold in nearby 
• and villages as fuel in the form of charcoal or 
fin wood. Large quantities of fuel derived from defoli- 
• <1 areas are said to have been entering Saigon for 
mik. Since the fires are customarily tended by Viet- 
MMincse women, and since many of them are certainly 
pi * pnant, the hazards to health and to the lives of unborn 
iiildrcn surely cannot be ignored. 

In the United States, the potential hazards from the 
pimcnt use of 2,4,5-T are considerably less than they 
nr in Vietnam. In the first place, the recommended 
• < inccntrations of 2,4,5-T for spraying here are, as I 
I m vc pointed out, about a thirteenth of what the Viet¬ 
namese population is sometimes subjected to. And, in 
the second place, a great deal, if not most, of the 2,4,5-T 
that would otherwise have been sprayed on American 
crops and grazing areas has for several years been 
Kent to Vietnam. However, the shortage of 2,4,5-T in 
this country does not necessarily mean that the potential 
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hazards are at a minimum. The substances know n » *§ 
trichlorophenols and compounds of pentachloruj i, *. # 
which officials of the F.D.A. believe may be < h # 
precursors of dioxin under certain thermal am! m 
conditions, are used widely in the manufactun i! 
large variety of consumer products, ranging from | 
to laundry starch and hair shampoo. Dow Own.* 4 
puts out a whole line of polychlorophenolic chum &\ 
known as Dowicide Products. Monsanto Chemk .ii - 
puts out a line of pentachlorophenol substances, km 
as Penta Compounds. Since a very great many coir.m.* 
products wind up being burned sooner or latci, 
since the polychlorophenolic compounds are suspr. 
of being capable, under particular thermal ami oil. 
conditions, of releasing dioxin, the alarming qm .i* - 
arises whether, and to what extent, dioxin is be in y «■ 
leased into the environment through the atmosph 
Pentachlorophenol, used in certain herbicides, is iv.t.i 
decomposed in sunlight, and in its breakdown pro. - * 
a number of products, including chemical precursor 
chlorodibenzo-p-dioxin compounds, are produced, h 
cause of these factors, a whole range of pesticides, 
well as of herbicides, now must come under suspu i. 
of producing dioxin compounds. 

Although the chemical companies that manufactun 
2,4,5-T have long taken pride in pointing out il> • 
2,4,5-T itself is quite readily decomposable in soil. Hi- 
crucial matters of how stable the dioxin contaminant * 
and to what extent it is cumulative in animal tissue ha\ • 
apparently been neglected. Consequently, the fact ill u 
traces of compounds virtually indistinguishable from 
dioxin have already been detected in this country in tli. 
human food chain—in the livers of chickens and m 
edible oils—clearly indicates that dioxin should be con 
sidered a hazard to man. Why, under all these inauspi 
cious circumstances, the production and the use hen 
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* m 


Vietnam of 2,4,5-T has not summarily been 
I ) >y the United States government is hard to 


M Mhiltil. 


Sincerely, 

Thomas Whiteside 








































































































Report of the Secretary's 
Commission on Pesticides 
and Their Relationship 
to Environmental Health 


■ . Department of Health, Education, and 
Welfare, December 1969) 

* i .itoKvnicity of Pesticides 

Summary and Conclusions 

l» mtology deals with the etiology and development of 
r mtal malformations. Congenital malformations are 
Mi l ally defined as gross structural abnormalities of pre- 
< «l origin, present at birth or manifesting shortly after, 
kill or disable. In a broader sense, teratogenesis is 

• ••midcred to include histological, biochemical, and func- 
M«iiml abnormalities of prenatal origin. 

* ongenital malformations present obvious personal, 
m.. .heal, and social stresses. Additionally, it has been re¬ 
gally estimated that the costs to society of one severely 
mullormed child, in terms of medical and other care and 
• i« privation of potential earnings, amount to several hun- 
ibcd thousand dollars. 

There are now well over 400 substances that, in various 
hums and combinations, are currently used as pesticides. 
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Pesticides may represent an important potential i< ■ 
hazard. Therefore any teratogenic pesticide to \\i i * 
population is exposed should be promptly identifmi - 
appropriate precautions can be taken to prevent • 4 

human exposure. It is feasible to test these subsi.m. 
teratogenic effects in test animals so that potential u 
to human health can be evaluated. 

For these and other reasons detailed in the rc|»»»n I 
conclude that: 

a. All currently used pesticides should be tc*.t. •» 

teratogenicity in the near future in 2 or more maim in i 
species chosen on the basis of the closest metabolU * 
pharmacologic similarity to human beings possible r 
cides should be tested at various concentrations indu » I 
levels substantially higher than those to which the lm. -» 
population are likely to be exposed. Test procedures * 1 

also reflect routes related to human exposure. Apaii h 
the obvious route of ingestion, attention should be din • 
to other routes of exposure, including inhalation expo** .... 
from pesticide aerosols and vaporizing pesticide strips n 
domestically and exposures from skin absorption. Pan 
teral administration is an appropriate test route for p» 
cides to which humans are exposed by inhalation, 01 1 
pesticides which are systemically absorbed following • 
gestion. 

b. The use of currently registered pesticides to win. 1 . 
humans are exposed and which are found to be teral.* 
genic by suitable test procedures in one or more mamma 1 1 
species should be immediately restricted to prevent ir.i 
of human exposure. Such pesticides, in current use, inclml* 
Captan, Carbaryl; the butyl, isopropyl, and isooctyl ester 
of 2,4-D Folpet; mercurials; PCNB; and 2,4,5-T. Tin 
teratogenicity of 2,4-D, the other salts and esters of botlt 
2,4-D and 2,4,5-T, and that of IPC should be investigate. I 
further. 

c. Pesticides found to be inactive after appropriate 
testing can be considered as provisionally safe, unless othci 
evidence of teratogenicity develops. 


DEFOLIATION 59 


4 .. pestidde^ld pesticide 

a , *|„trc risk of human expo e ^ standardize 

(Hurt* should be mad ® stki a nd population moni- 
f *.or teratogenicity testing ^ cbar ged with 

C ! l.. group of the whole prob- 

_ teratogenicity Testing 
Methodologies for Terat 

• „ Administration did 

1963, the Food and Drug & result G f the 
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Secondly, and on a post■ tQ detect geographic 3 
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teratogenic effects. These re/a .a * 
type of the pregnant l!I f ‘ to station peri<„l 
tion and metabolic transform d ° Sag< \ mode of 
ample, teratogens maVS T ™ ° f teratoge " ' • 
range, whether high or low ™ ^ at 3 ccr, << " « 

development is app Wide ’ bel °* " * 

death in utero resX 611 ^ mdiStUrbed > and above *,.* 

r*•*■** .- » 

ogenesis occurs. In humans tf>i Uring . active <„, 
approximately from the end of ft,. TT"* period cxl ' * 
to the 12th week. Other circumst St W6e,C of pa ‘f : " " 
the effectiveness of human terJ^^ may als ° in,ln " 
nutritional, demographic ^, 86115 ’ SUch as malriii.i 

tors, Physiologicafstetes’andT C ° n0miC ’ 3nd CU,tur;l1 1 

* ro«S i“7 oral “ d — «W - 

°^: h T co 0 ;sr:oS."“ ifa ‘ ia m " 

and subseCem W L b ucdon n o h f Uman eXp ° Sure to a tera«„, 
generally not obviousabnormal,,,, 
a multiplicity of effects and anv 6 teratogen ma y produ, 
duced by various terl fiens [ V** *** «* I"" 

genic response may differ fm ^ anunals » the teniio 

h ™»«. d «««nc« m"e M rm?r, S '° 

mental influences may contributed C ’ and envi -" 
effects from exposure to a nam , 3 V3riety of spoc.li, 

duced and spontaneous e ffem“ ,ar terat0 8 e mc agent. In 

tinguish. The teratogenicity of th a ld ay b6 di * CU,t t0 d.-. 

missed had it not produced malf 6 might have bc '" 
tered; additionally, only a fraction oTfh° DS enco,, " 

who took thalidomide had defer* f S pregnant women 
Consequently further w defectlve children, 
effects of pesticides in experimenM 6 P ° Ssible teratogen,, 
needed to provide a basis for evad , anima,s are urgemly 
to human health. . . . evaluating potential hazards 
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Literature Review 

* mh. t animal studies 

£ mhiuh Research Laboratories of Litton Industries, 
InlNfi rn>5-68 under a contract for the National Cancer 
Im* “tit (NCI Contracts PH 43-64-57 and PH 43-67- 

* m i tented various pesticides and related compounds for 

« effects. These studies were designed as large¬ 

ly % *< u ening tests. The Bionetics data were re-analyzed 

* ti* .illy to account for litter effects. The results of this 
If -tut til re-evaluation are presented in this section. More 
4 itUtl material on these pesticides will be published in 
f* future. 

• Summary of findings from Bionetic animal studies. 

« «t«l more extensively than other pesticides, 2,4,5-T was 
tl «»!y teratogenic as evidenced by production of statis¬ 
ts dlv increased proportions of litters affected, and in- 
» f . ft! proportions of abnormal fetuses within litters in 

* ‘it DMSO and Honey for both C57BL/6 and AKR mice. 
In particular, cleft palate and cystic kidneys were sig- 

ii' «ntly more prevalent. In addition, a hybrid strain re¬ 
eling from a C57BL/6 female and AKR male showed 
«i!'<i!Ncant increases in anomalies, in particular cystic kid- 
v, when administered at 113 mg./kg. of body weight in 
MM SO. 

Additionally, 2,4,5-T was tested in Sprague-Dawley rats. 
When given orally at dosages of 4.6, 10.0 and 46.4 mg./kg. 
mu days 10 through 15 of gestation, an excessive fetal mor¬ 
ality, up to 60 percent at the highest dose, and high in- 
. idunce of abnormalities in the survivors was obtained. The 
lm idence of fetuses with kidney anomalies was three-fold 
that of the controls, even with the smallest dosage tested. 

PCNB produced an increase in renal agenesis between 
litters, and within litters, when administered orally from 
days 6-14 or days 6-10 of pregnancy. However, renal 
agenesis was not produced when PCNB was administered 
only from days 10-14 of pregnancy. These effects were 
produced in only the C57BL/6 strain of mice. 
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Other pesticides producing a statistically signill ; i 
crease in the proportion of litters containing .1 ■ 
fetuses and in the increased incidence of abnormal 
within litters were: Captan, Folpet, 2,4-D isooihi .J 
2,4-D butyl ester, 2,4-D isopropyl ester, carbaryl 1 
and IPC. . . . The results for carbaryl and for 1 1*« xM 
less consistent than for other compounds. ( I In , J 
cides 2,4,5-T, PCNB, captan, Folpet, carbaryl, IIM 
the butyl and isopropyl esters of 2,4-D were statistu ,.i « 
nificant at the .01 level, for one or more tests. This .m ♦ J 
is similar to that adopted by the Technical Panel on « I 
cinogenesis, Chapter 5, to identify “positive’' comp *1 
The isooctyl ester of 2,4-D was significant at the ().()*> I. M| 

Compounds inducing only an increase in the prop - I 
of abnormal fetuses within litters were: a-naphtho! 1 ] 
2,4-D methyl ester. The statistical significance of tin « ■ 
suits was relatively weak; further study is required Ui tl 
any conclusions can be reached. Similarly, 2,4-D pro.!. «j 
only an increase in the proportion of abnormal litter. 1 « 
ing 1965 in AKR mice. Due to the teratogenic activii * I 
certain of its esters, 2,4-D should be studied furthei 

Carbaryl plus piperonyl butoxide did not show an o\ * 
increase in nonspecific anomalies, but resulted in si} ■ 
cantly more cystic kidneys for doses above 10 mg i 
carbaryl plus 100 /*l./kg. piperonyl butoxide. 

It must be emphasized that failure to detect statist 1 . 
significant increases of anomalies may be due to in 
sitivity resulting from experimental variation and sm 
numbers of litters tested. In addition, higher fetal morl.d - 
among some of the “negative” compounds may be sH. 
tively eliminating abnormal fetuses. 

b. Methods. Four strains of mice were used: C57I1I 
AKR, C3H, and A/Ha. Most of the studies were perform 
with the C57BL/6 strain. A hybrid fetus resulting In- 
mating a C57BL/6 female with an AKR male was used 1 
study a few compounds. More restricted studies were a I 
made on Sprague-Dawley rats; results of these with rel. 1 
ence to 2,4,5-T are considered separately. 


4* * 

I ** 
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p .i. - Ill l>MSO. Compoun 8 * t honey solution. 

5.. )» 01 ”' 0 “id controls were 

L • l’ l ' H1,,ve C ° n r ° s receiving only DMSO, saline, 

Em well as controls recel ^ riodical i y throughout 

.-v While c^t^ols weremn p ^ controls were 

■ .••.£££• route or date ol ad- 

I „,.it)h«l with respect w 

j.. ..ilnii , . these studies. The onset o 

I mu ales were used in q£ vagina l plugs- 

* was determined y frQm the sixth to the 

Hi..I- were administered d y AKR mice). Mice 

, , ,(„y of pregnancy dSth day for AKR mice ) 

*.. on . 18 * ** 1 ™* Joined for anom- 

. , . Ion. On sacrifice, fe fetuses we re then 

. Approximately Rem^ing fetuses 

.1 In Houin’s solution un J proper processing- 

„ niter Oasis rathe, than oI Amalies 

. ligation indicated tha correlated. The large 

.mg fetuses within litters ^ some ma ternal effect, 

.. io litter variation may level o{ t he compound 

indication of the effective rimental variation, or, 

ittttUy reaching the iet ^ ’J on 0 f the three factors 
a. most likely, some C ° Jj al sign i fic ant time trends 
While there were no sat,s ^ terms of the onset of 
*ltliln the various “ ntr °’ g B y 6 mic e, the incidence of 
m„| anomalies m the C57B 'dependent in this strain, 
i. ml mortality was cer a ^ ed by a low incidence of pre- 

»,.h 1965 being charact^ed hy & iod of appron- 
....ml deaths. F urther ^ff ro m the latter part of 1965 

.lely 6 monthsi extending from animals were 

... ...,riv 1966, during which n Sll bstrain of 
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C57BL/6 mice used in the study took place. I m .n 
abnormal litters, as defined by litters containm 
one abnormal fetus, there was some suggestion 
distribution of abnormal fetuses per litter was si»» i **♦ 
larger in the DMSO controls than it was in tin A 
controls. Thus, the possibility exists of a time n 
vent interaction that is undetectable in the conti oh 
the level of background teratologic activity is i -1 iM 
low. This potential interaction effect could eithci 4 
or dissipate the effect of any given compound, d« j.. m 
on the conditions under which it was administcmi - J 
the data were necessarily separated by both time t ■ - 
and solvent for the purposes of analysis. Similarly, 
crease in fetal anomalies in the DMSO controls . > 
AKR mice was noted after November 1966. l ino 
AKR data were analyzed separately in two time • 4 

It should be noted that not all compounds wn. . 
ministered on more than one occasion or in more tl» > 
solvent or strain. Thus, in general the compounds in 4 
study cannot be compared for teratogenic potential 
those that were tested extensively were more likely to *1 « 
some adverse effect and, perhaps, less likely to appeal 
sistent over time, solvent, and/or strain. 

As noted, approximately two-thirds of the fetuses w- 
stored in Bouin’s solution until necropsied; the remain.in 
being stained with alizarin red. However, in many insl.m. 
the proportion of necropsied fetuses was slightly hn i, 
for the compound under investigation than for the 
responding controls. It is doubtful if this discrepancy coni 
have any appreciable effect on the conclusions since H- 
incidence of anomalies detectable only by necropsy amm 
control animals was relatively low. Furthermore, if all . 1 
the control and test mice had been necropsied, the m. 
nificance of the differences observed in this study wouM i- 
intensified. Thus, no effort was made to correct for in 
equalities in the necropsy/stain ratio in the present anal 
ysis. Additionally, no attempt was made to correct f «>1 
differences in litter sizes or sex-ratios within litters, siiut 
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Table 1.- 


Tests Whkh dis P la y ed significant increases of anomalies (C57BLJ6 mice) 


Compound 


Dose ner ftoporti< ;P ° f abnormal Proportion of abnormal 
Solvent kg of body httere fetuses per litter 

weight 


Negative controls: 


1965 1960-68 Total 1965 1966-68 Total 1965 


. Proportion of abnormal In- Tests n r i,v Q 

fetuses per jitter in abnormal creased repeated litters 
utters mortal- over 

ity time 


1966-68 Total 


1965 1966-68 


Increased 
anomalies 
other than 
eye 


Do. 


Positive controis: 


...DMSO. 

... Honey. 

. .53 

.52 

.39 
.41 
.37 
. .47 

.40 

.46 

.43 

.47 

.08 

.16 

.13 

.11 
.12 
.10 
. .15 

.10 

.13 

.11 

.15 

.18 

.33 

.24 

.28 

.28 

.28 


.DMSO. mg 

- £o.DMSO.. 37.5 mg 

.Saline... 5.0 mg 

.do.... 12.5 mg 


.32 


Do.. 


Do. 


.do., 


.37.5 mg 

Ethyleneimine.do... .4 64 mI 

Experimental: 


.60 

1.00 

.71 

.71 

1 . 00 * 


1.00 

.71 

.71 

. 1 . 00 * 


.32 .. 

.44*** 44*** 

•36 .36 

.61*** .61*** 

.49** .49** 

•33* .33* 

.49*** .49*** 


2,4 ’ 5_T .DMSO..113^ . 79 ** . 79 ** . 56w * ^ 


.54 

.52** 

.60 

.61** 

.69*** 

.46** 

.49*** 


.25 

.29 

.26 

.32 

.54 

.52** 


26 

70 

31 


112 

46 

32 


.61** 


Yes. 

Yes. 

Yes. 


7.[Hydro- 

£.Jcephaly. 

5. 


IHt :::::::;::;;; Ho d n 0 ey • • i fS t . wsl m 


. 00 * 


113 mg L00** L00** 


.... .37** .37** 

.70*** .70*** 


69*** Yes.....'.;. 7 

■ 46 ** . 

.49*** Yes....No. 7.... Wtoy. 


14 .Cleft palate 

cystic 

kidney. 


.71*** .71*** Yes., 


-25** .25** 


(days 6-14).do 215 mtt 

: .. 

Captan.DMSO.. 100 mf 1 QQ*' 'fl 7 U 

Folpet. nMfln inn - iff** 


•37 .37 

.70*** .70*** Yes ' 


.No. 


Cleft palate 


. 88 * 

•671* 


.88* 

.671 


Folpet.. . . .. . DMSO. .100 mg 

2.4-Isooctyl «ier DM;- 4. _ 

- — 


.29 

-38 

JT 


.29 


IFC. 

o-Naptbi .DM5L. 31 

2,4-D Methyl ester. .DM^O.,10^ =4 


Butoxide. 

Do.DMSO. 


100 Ml 
.46.4 mg-f 
464 Ml 




ip** 


m 


«*»• 

HNfr 







m 

£fpft 

40 — 

M 

jim. 



‘IMP 





M 


M 

jgm 



M 


... .jjp 






.s 

5 


jr* 

JJP 


Ji 







JO 

SO 


il 

a 

— 

M 

M 






.50 

.50 


.10 

10 


X 

21 




a 












Significance level: *(.10). **(.05). ***(.01). 


Table 2. —Tests which displayed significant increases of anomalies (AKR mice) 


Compound 


Proportion of abnormal Proportion of abnormal Proportion of abnormal In- Tests No. of live Special 
Dose per litters fetuses per litter fetuses per litter in abnormal creased repeated litters anomalies 

Solvent kg of body fitters mortal- over 

weight ■ — ;-—————— —— _ ___ _ ity time 


tll/66 12/66t+ Total fll/66 12/66ft Total fll/66 12/66ff Total 


fll/ 6612 / 66 ff 


Negative controls: 

Control. 

Do...,. 

Positive controls: 
6-amino-nicotina¬ 
mide. 

6-amino-nicotina¬ 
mide (1). 
Experimental: 

2,4,5-T. 

2,4,5-T. 

2,4rD. 


.DMSO.05 .37 

.Honey.00 


.21 

.00 


.01 


.06 

.00 


DMSO...34mg .56*** .66*** .31** 

DMSO...68 mg .00 .00 .00 


.00 

, .31** 

, .00 


.16 


.15 


37 


35 

1* 


M 


.55 


Cleft 

palate. 


DMSO .113 mg .50*** 1.00** .71*** .20** .40*** .29*** 

!;Honey. .113 mg . 1.00*** 1.00***.54*** .54*** 

DMSO.. 98 mg .43** .29 .36* .12 .05 .08 


.40* 


.28 


.40** 

.54 

.16 


.40* 

.54 

.23 


6 Cleft palate 

6 Cleft palate 

7 


♦Significance Level 
Note: (1) With the 
per litter 


.10. **Significance Level .05. ***Significance Level .01. fThrough 11/66 ffAfter 11/66 . f .. 

,68 mg/kg dose, as compared to the .34 mg/kg dose, fewer implantations and a higher fetal mortality were encountered, resulting m fewer live fetuses 
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an increase in anomalies, possibly due to |.i,,i. „ 
w e ° r r p Uy ' Standard corrected 2X2 chi , 

for t0 compare 1116 Proportion of .. 

for (ie compound with the controls in the .. , 

the cases where tests were conducted in two i.„„. „ 
the results from the two chi-squares were ..... 
S listed ° f statistical significance for the corn!..,,. 
« r “* toM f » .. 

pei^tter* rTw' ti °? ° f the proportion of abnormal i 

S tie i and 2) f ° r compounds wen- . 

with the appropriate control distribution by 

h P L amCtriC Mann ™ney U-test. This ,,*■ „ 
that the proportion of abnormal fetuses per lm,, . 

t2£*Z r *"• “““• •». requires^ no „ J 

Agarn, where Httet* were „ to ^ ^ g * 

f f , |8V ' 1 U>e combined tests is L, , 

were co"' b C °'Tlt, Br “ ke “‘ ! data inc, “ de . 

were combmed before statistical tests were conduce , 


»*. nrpts from the Bionetics Laboratories 
Report 


From Volume III 

i .luation of the Teratogenic Activity of 
Selected Pesticides and Industrial 
Chemicals in Mice & Rats 

2,4,5-T —BRL No. 061 
(Table A-22 original Bionetics report) 

l in*f compound was given by the oral route to BL6 mice 
i it* Hinges of 46.4 and 113 mg/kg and to AKR mice at 
i i mg/kg. It was given by subcutaneous injection to BL6 
Mti,. at dosages of 21.5 and 113 mg/kg and to AKR mice 
...l lifiAK hybrids at 113 mg/kg. It was also given sub- 
Miancously to C3H mice at 215 mg/kg, but there were 
h , lew of these to merit inclusion in the discussion which 
f..Hows. Administration was for eight days (6th through 
i nit) in most cases; for nine days (6th through 15th) in 
oine; and for five days (10th through 14th) in one case— 
I ho details are indicated in the tabulated results. Sub¬ 
til uncous administration used DMSO as a vehicle; oral 
h . d 50% honey. 

With the single exception of the lowest dosage used 
(.M.5 mg/kg to BL6 subcutaneously) all dosages, routes, 
iiml strains resulted in increased incidence of abnormal 
f (Muses. The incidence of cleft palate was high at the 113 
nig/kg dosage, but not at lower levels. The incidence of 
i vstic kidney was also high except in the AKR strain and 
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in the BL6 mice which received 46.4 mg/kp 
mortality was increased in all groups given II i 
eight or nine days, but not in mice (BL6) given n 

for only five days nor in the two groups of BL(> .. * J 

lesser dosages (46.4 mg/kg orally and 21.5 m, k A *= 
cutaneously). 

Most fetal and maternal measurements show* d 
sistent changes from which no conclusions can l- 
In contrast there was a highly consistent deerm • m 
ternal weight gain in BL6 mice given 113 mg/kg I 
route. Lower dosages and the AKR strain showed mi.,, i 
change or a slight increase. All dosages, strains, and * v 
showed an increase in the maternal liver weigh! «••..» 
led to a further study discussed separately below. 

These results imply a hazard of teratogenesis in !l»* hi 
of this compound. The problems of extrapolation pi* 
definition of the hazard on the basis of these stuilh 
its existence seems clear. 

Liver Weight Study (Table A-22) 


The observed influence of 2,4,5-T on maternal li 
weight as mentioned above raised a question as to its rii 
on the fetal liver. This was answered by a study cnni 
out in BL6 mice using subcutaneous injections of I>M‘‘ 
solutions at a dosage of 113 mg/kg only. The period i 
administration was lengthened to cover the period h* 
the 9th through 17th day of gestation. Separate coni! i 
groups were used concurrently. Except for the incline 
of fetal liver weight, measurements were made as pi. 
viously described. 

The fetal livers of the 2,4,5-T treated mice weigh'd 
significantly more than those of controls given DMSO onh 
and the weights of the whole fetuses were significantly U 
Correspondingly, there was an increase in the fetal livn 
weight expressed as percent of body weight. 

Other observations were consistent with those report rd 
above. The incidence of abnormal fetuses was unusually 
high as were those of cleft palate and cystic kidney. 
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#1# , ,,MOUB-DAWLEY strain (Table A-22) 

_ (lie potential importance of the todings m 
r„,.mlonal study was earned out m i ^ ^ 

r , '^' 7 . d 8tr ^ 50 % m honerand given by the oral 

f. . 1 period used. Fetal 

. ' I" al1 2,4,5 'j r is teratogenic in this 

* . .Ithe dosage schedules t»d 

. -iZSgzA* - hazard 





















i Mjiioyment of Riot Control Agents, Flame, 
moke, Antiplant Agents, and Personnel 
iMoctors in Counterguerrilla Operations 


11< p.irtment of the Army Training Circular 
TC 3-16 April 1969 


Agent Operations 

Section I 

Technical Aspects 

I < ieneral. Antiplant agents are chemical agents which 
i -vo ss a high offensive potential for destroying or seriously 
limiting the production of food and defoliating vegetation, 
l hr no compounds include herbicides that kill or inhibit 
ill*' growth of plants; plant growth regulators that either 
h gulate or inhibit plant growth, sometimes causing plant 
iliuth; desiccants that dry up plant foliage; and soil steri- 
I mts that prevent or inhibit the growth of vegetation by 
notion with the soil. Military applications for antiplant 
« gents are based on denying the enemy food and con¬ 
cealment. 

52. Antiplant Agents in Use. 
a. ORANGE. 

(1) Description. Agent ORANGE is the Standard A 
agent. It is composed of a 50:50 mixture of the n-butyl 
esters of 2,4-D and 2,4,5-T (app D and Cl, TM 3-215). 
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ORANGE appears as a dark-brown oily liqiilil 
insoluble in water but miscible in oils such in 
It weighs about 10.75 pounds per gallon and ho ... « -if 

viscous as the temperature drops, solidifying al A I «* I 
noncorrosive, of low volatility, and nonexplosiv* « 
teriorates rubber. 

(2) Rate of application. The recommended mi> dpi 

plication of ORANGE is 3 gallons per acre. This m, tj| 
depending on the type of vegetation (app C) In ^ 
situations better coverage may be obtained hy .IH .. 4 J 
ORANGE with diesel fuel oil, which results in a l<. 4 

solution that is dispersed in smaller droplets. Dilution *« ^ j 
also be required when using dispersion equipment * t 
does not permit the flow rate to be conveniently nd|.• 4 j 
to 3 gallons per acre. See discussion of application mi l! h 
in paragraphs 57 and 58. 

(3) Effect on foliage. ORANGE penetrates tin- " 

covering of leaves and is absorbed into the plant nv-i* * 
It affects the growing points of the plant, resulting in <*« 
death. Rains occurring within the first hour after s|»i .» # 

will not reduce the effectiveness of ORANGE to the < . 1 , 
that they reduce the effectiveness of aqueous solun 
Broadleaf plants are highly susceptible to ORANGF. s..... 
grasses can be controlled but require a much higher «!.. 
rate than broadleaf plants. Susceptible plants exhibit vm , 
ing degrees of susceptibility to ORANGE. Death of a gi 
plant may occur within a week or less, or may require in¬ 
to several months depending on the plant’s age, stage . ( 
growth, susceptibility, and the dose rate. See employnm - 
considerations in paragraphs 53 through 55. 

(4) Safety precautions and decontamination. ORAN<»l 
is relatively nontoxic to man or animals. No injuries h,r • 
been reported to personnel exposed to aircraft spray. IVt 
sonnel subject to splashes from handling the agent nee, I 
not be alarmed, but should shower and change clothes it 
a convenient opportunity. ORANGE is noncorrosive (<< 
metals but will remove aircraft paint and walkway coatings 
Contaminated aircraft should be washed with soapy walei 
to remove the agent. Rubber hoses and other rubber part , 1 
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fl*' 1 ,rhvlar 56 ° G) J nt rttje is an aqueous solution 
III !*»•• ni'Uon. Ag ^ o{ the sodium salt 

rtlHiut 3 poun ount of surfactant (a sub- 

k -•■*»* -ad. the proper of the solution), 

* t^prevent corrosion of metal spray ap- 

* TL . »/ 

sm -l hum 1 he manufacture t ^ ^ dest ruction is 
,,, ip. itmmcnded application However, much 

..^TBlSSr 

»•« rates of BLU ® suearC ane, because of the large 

m ■' "* elephant ® rass hand-spray operations, two ga - 
ol vegetation. For gallons will 

T • Ill UE diluted hand a, a 

. . „ .dution that can be P y o( pure agent 

.,.,1 vulont to approximately 1 to 3 g 

,..i m ic. , rt TIE applied to any kind 

< * > l: 0 ect ° n ^fit’toX and shrivel, but the agent is 
,, lollugc will cause it to ry broa dleaf vaneues. 

.« clfcctive agamst grajyp. is thoroughly 

... results ar ® obt ^ t k ^ by absorption of moisture 
,ivf red, since the agent y 2 to 4 days or 

. . the leaves. The p!an itted to dry sufficiently. 

I. and can then be burned IN ^ grain formation 

1,1 UE in low dose rates ca effect xhe plan t de¬ 
li, rice without any appa . ld a crop . Spray rates 

v clops normally but does n Y ^ usuaUy m the 

higher than g produc e relatively rapid de- 

crop. Although BLUE can P ^ a bout 3Q days . 

U, nation, regrowth may S ovide a high degree 

Repeated spraying is necessary 

of continuous plant kill. decon tamination. Normal 

(4) Safety t Sowed when handling 

sanitary precautions arsenic, BLUE is 

BLUE. Although it contains a form 
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cver A m"S !Ja, h »e! <i ^ ' ,lte “ . . . 

Pam of , he sho “ 8 ' B on “» kan*. w 

f"» WreTd BLUe”^ ,0 

ik ° f a*'"' «• 

« - ie so *SbZS*z* 

soowei, waMr> «*>I»«™. Wild 

at ,hi ' 6 “ oi 's. and more “° nflammab,e - no,,,. 

ot o mC tem P er ature. V,SC0US tha " ORAN 

D j: rJ a Pplication WurTR 

Pl ed at a rate of 3 to 5 oaflonT^ Usua,, y should !„■ 

S*T H ° Wever - the ratfmav v P a Cr 7" ° n broad '-< v.. 

fl ° ra - Quantities required 7 ^ depend,n g on the 1 , 
may vary f rom 5 to 12 Ju C ° Dtro1 jungle vem-i , 

ceeds the enm g&llons per acre ^ 

ground-based spray operatin V 7* ,arge vo,u mes 1 

whoT Saiy - Hand -spray operadon° WeVer ’ Wgh voI umc.s 
whole acre with only 3 f aU * cannot evenly C ov, 

of WHITE diluted L g ™° m ° f so,uti on. Three T, ’ 

easily sprayed over an area 0/0 ^ S ° ,Uti ° n Can be 

a di,Ut ' ng WHITE whhsiM- The ma nufaciiu, , 

C3) g ayT SO,utl 'on for each gallon W3ter t0 n >al* 

J 7 *;- ^ 3 -T 

swi ,lfifr„ r ' VHrre '• 

“ ” ore woody 


■ 



# « u** I. uves. The water solution does not penetrate 
£>«» .Hvising of leaves as well as oily mixtures and 
u ( Mlly washed off by rain, 
i tritely precautions and decontamination. WHITE 
[||i* * |«»w hazard from accidental ingestion. However, 
f *«i»*t* Homo irritation if splashed into the eyes. Should 
1 I occur, flush with plenty of water. Splashes on 
U n»“ should be thoroughly washed with soap and water 
I r* a* a opportunity. Contaminated clothing should be 
I pit * 1 I »•’fore reuse. When WHITE is used in the same 

r .*Ml as BLUE, all of the WHITE should be removed 
using BLUE. The two agents produce a white pre- 
4 **r that will clog spray systems. 

4 fal Sterllants. 

1 . ukomacil. 

Description. BROMACIL is an odorless, noncor- 
|pi»f. white crystalline solid, slightly soluble in water or 
fuel oil. Three different forms are produced: 
VAK-X, a wettable powder containing 80-percent ac- 
ingredient; HYVAR-X-WS, a 50-percent active ingre- 
*t.,i walcr-soluble powder; and UROX ‘B\ a liquid con- 
,,»g 4 pounds of active ingredient per gallon (app D). 
U 1 Kate of application. HYVAR-X is applied at a rate 
• t n to 30 pounds per acre; HYVAR-X-WS, 24 to 48 

f ituU per acre; and UROX ‘B’, 3 to 6 gallons per acre. 

mv concentrations of the agent as high as 50 to 150 
. Mints per 100 gallons of water or oil can be handled by 
* . il(-mounted spray systems. The 80-percent wettable 

i vvilor is well suited for ground applications by power- 
Mvrn decontaminating apparatus or turbine blower be- 
. mao it requires agitation while spraying to achieve the 
i • ( results. 

(2) UROX 22. 

(a) Description. UROX 22 is a granular substance con¬ 
taining 22 percent monuron trichloroacetate. 

(b) Rate of application. The manufacturer suggests using 
|5() to 200 pounds per acre. 

(3) Effect on foliage. Soil sterilants act by absorption 
ih mugh the root system and therefore are most effective 
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stable once absorbed inm tb m °! sture • They , 
tahon and may prevem S ° U ’^ sterilam, i„. 
months to a year d^nenH- gr ° Wth for Period* 
d*t«on S . They are most eff^vTon* qUamity an " "< 4 
woody plants at higher aooW 8raSS6S ’ but w.ll. , 

mg by brush cutters or 2 °"™“' Mecha *"‘ " '•3 

b V s T e the ~ s “r . . I 

oniy slightiy^oTiverm^kT^ ^ 1 

should be thoroughly flushed It diSpeniio " «>"<< • 4 

atoxic to humans; buTtntf ^ ^ arc 

prevent ***** * ^t p d^ r grn k d s 4 ou,t ' ,h- I 

Section ii 

53 c Concepts of Employment 

General, a. The Pmri i 

be carefully controlled b^hn 0 ^* 1 ™ agcnl " ' 

to avoid many undesirable SeZ / . . 

the employment conceptT FM 3 ' 10 " 

taoons of antipl ant a ge nt s aIysis of operations, and lt„ 

the? f 7^tToTltty iy ctp V de r ,0CaI,y . . . 

NaturSl/S vegetatio^in f 1 ^ 

sive hit-and-run tafti« of 8 T** * ideaI *>< w„ 
duction of this concealmenf ? gUemJ,a - Re moval 0 , „ 
Sf" » «* drfoii. J ^ "» Buerrm,; . . 

S 3 d ,TfcM° addill0n IO “* <™ I 

P»pose agent which is ei^a gene, „ 

ge found in jungle areas WHITF^ "T 7 types of f "‘' 
general-purpose herbicide but ■, ^ ' S 3 SO oonsidered , 
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... • pi ». • 1 1 «fi 11 K the most active growing season. This cor- 
♦ .Highly to the period from the appearance of new 
L hi I or 4 weeks before onset of the dry season. 
Efe *|m nylng during the dry season does produce de- 
vegetation is not killed as quickly as it is during 
ii m - *ii live growing season. An exception would be in 
Moplcal lowland areas where water is plentiful and 
IpiiiMHii* growth exists; thus antiplant agents are effec- 
f # ii.Miughout the year. 

% i (h'd on Nearby Crops. If the application of anti- 
*##** Agent* is on target to begin with, the main danger 
$ »e«iliy .susceptible crops will be from drift. The main 
Affecting agent drift are wind direction and speed, 
£*» filiation method (para 56 through 58), temperature 
u. «ii (TM 3-240), and the agent used. Conditions for 
p* Mihmtion of antiplant agents are usually most favorable 
inn early morning hours (before 0800) while inversion 
* mime gradient prevails and the wind speed is still 
( does not exceed 8 knots). A volatile antiplant agent 
„ also produce drift effect even after the spray has settled 
- *.#i pc i. For example, the slight vaporization of ORANGE 
•to produce drift damage, especially if nearby crops, such 
m tiihbcr trees, cotton, melons, bananas, and other garden 
i irN, are highly susceptible to damage. Water-soluble 
111 m BLUE and WHITE are not subject to vaporization 
i settling on target. Thus they can be more safely used 
mi susceptible crops provided cautions such as wind di- 
• lion are heeded, and a dissemination method that tends 
i . produce the least amount of drift is used. Although soil 
i Hants do not drift, they should not be used closer than 
HM) meters to crops or cropland in a friendly area onto 
*» hlch drainage from treated areas flows. 

tl Duration of Effect. Neither ORANGE, BLUE, nor 
WHITE can be considered “permanent” type antiplant 
. . They act by direct contact with the plant. Defolia¬ 
tion resulting from aerial application of BLUE may be 
< ffoctive only until new growth appears. Defoliation re- 
ulting from aerial application of ORANGE or WHITE 
will usually be effective for one growing season, but may 


















80 DEFOLIATION 

year. slTltlrLn^n thfe aP f f 0ximateI y 9 . .. 

for periods of up to a vear 0 °^ hand ’ may . . 

signed to be slowly dissolved h m ° re ’ be “ u “ "" 
in the soil. V dlsso,ved by rainfall and . . 

ly'S'ST ^ “«"« . i 

fectiveness of defoliation nr • ° ^ m eva,ua ""( " 
antiplant agents in one or more tf the^ USU " ,,y " 
a - In some plants | eavM ^ f h se Ways: 

- d -is or develop marked^*£? * . 

develop green - but may ... 

gray, and S ^ L enJarged ro °ts may appear, turn blm I 

d roX a LvrL«,ed f rth n e tJTf "" *■ 

alien and fall. P V ° W ’ brown ’ or »d autumnal 


Section ni 
56 c Dissemination Methods 

variouridf^jj^ ”*y. <» disseminated , 
defoliated and whether th^ <he SIZe of the area i.. 
solid form. h6ther the a S e "‘ is in liquid, slurry, . 

57. Ground-Based Application r> 

Persion methods are suited ^ Ground ' b ased spray or ... 
as defoliation around base cam^ 1 ^ ° perations 
ing along routes of comrm • P ° r ulsta llations or d, 

on easy access to STTrea"'onT' Thtte method * *«- 

* Hand broadcasting is the simpfe T ^ Vehil '• 
agents, such as soil sterilants bu t ‘° d, ' Spersc 

method. ’ 1 ls a rath er time-consunu,, 

*' ^ » easy to ose „„ . 
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^ • !• I*y foot but where vehicles cannot enter. It is a 
I c .h tii.Ml, however, and areas out of arms reach are 
IH i 1 * tumble. 

# v Ml 06 Mity Mite (para 26) may be used to dis- 
mm oi dry antiplant agents. Foot access to the area 
^ * mm .1, hut inaccessible areas may be covered to some 

mice the Mity Mite will spray a distance of about 

W tffl 

4 I rower-driven decontaminating apparatus (PDDA) 
t«# HNcd when the area is accessible to wheeled ve- 
i pm II in especially suited for spraying soil sterilant in 
#** . form. The PDDA may also be used to spray liquid 
p*, Unt agents. WHITE and BLUE present no corrosion 
m* intMR, but the apparatus must be well cleaned when 
Lftftginit lietween the two agents. ORANGE will soften 
£• Hihhcr parts, such as hoses and valve diaphragms, re¬ 
ft * ing (heir replacement after a while. Spraying ORANGE 
; i l»l)A also produces a fire hazard. 

$ (Commercial orchard sprayers, if available, may be 
i fm spraying liquid solutions where ground access to 
m. I. is possible. 

#• Aerial Spray Methods. Aerial spray methods are suited 
* * large-scale operations since a larger area can be covered 
•nil |! round access is not necessary. Aerial application meth- 
i, a i c much more subject to weather conditions, such 
9 * wind direction and speed and temperature gradient, than 
■ giound-based methods. Therefore, particular attention 
..I be paid to the possibility of agent drift onto any 
r,ol»y friendly crops. The height of attack, airspeed, and 
•mui coverage depend on weather and terrain conditions 
met pilot experience. 

,i IJC-123 Aircraft. UC-123B cargo aircraft fitted with 
inirmal tanks and external spray booms are used for large- 
. ale defoliation and crop destruction operations. Using 
present systems at an altitude of 150 feet and airspeed 
of 130 knots results in a spray rate of 3 gallons per acre. 

b. FI DAL (Fixed-wing Insecticide Dispersal Apparatus , 
/ {quid). The FIDAL is a Navy developed and tested sys- 
t< m. It has not been standardized by the Army. When 
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available, it can be used to supplement the spray • , » 
of the C-123 systems. The FIDAL is hung on flu I 
A1H aircraft without modification. Each tank hol.U 
275 gallons and has its own ram air turbine in |' 4 

power for pumping the spray through a spray boom * 
is much less than that of C-123 inboard systems, amt d 
missions do not tie up the aircraft since the tank*. i m 
hung or removed in minutes. 

c. Helicopter-Mounted Spray Systems. 

(1) HIDAL (Helicopter Insecticide Dispersal A />/*.*■ >■*$- 
Liquid). The HIDAL system is a 196-gallon spray • J 
suitable for use in a UH-1 series helicopter. IUIu-i | 
are useful in spraying areas around installations ilia 
not accessible to wheeled vehicles: minefields, harlxd ♦ i 
barriers, etc. The HIDAL is self-contained, has an a.i, \ 
able spray rate, and can be installed and remove*t •• | 
matter of minutes. It is a Navy developed system ami « 
not been standardized by the Army. 

(2) AGAVENCO sprayer. The AGAVENCO 
has capabilities similar to those of the HIDAI am 
presently being procured in a limited quantity. It h • 
been standardized. 

d. Field Expedient Spray Systems. When systems • 
as the HIDAL are unavailable, field expedient spras * 
terns that will perform adequately might be consti mi* 1 

(1) UH-1 series aircraft. 

(a) A simple expedient spray system for a UH I i 
aircraft might consist of a 55-gallon drum (fig 41 and ' 
fitted with a rubber hose which delivers the solution 
a spray bar temporarily mounted across the skids. M> 
pressurization of the drum will usually help empty ' 
drum at a steady rate. A portable flamethrower piv 
bottle or an AN-M4 compressor can be used for pi- 
surizing, but a gage should be in the system to warn 
excess pressure (no more than 8 to 12 psi should be us- -i 
The size and number of holes in the spray bar may > 
determined by trial and error; however, Vfc-inch hot- 
spaced 6 inches apart will provide good results. 

(b) Another field expedient system uses the tank an 
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m at A ?5-£pm personnel carrier 
30 - 40 meMrs 

, || «|rcraft might consist of a k A 

. n, u 400-f'»r„o U ^ m) «. *. 

. .. fuel transfer pu'»P 5 '> “ ...ached 

... the antiplant agent to a spr y 

at the rear of the aircraft. 
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Antiplant Agent Use Rates 1 


Vegetation type 

ORANGE 

WHITE 

Mangrove. 

Highland trees 

1 V 2 gal/acre 

3-5 gal/acre 

(jungle) . 

Mixed mangrove, low 
land swamp, scrub 

3 gal/acre 

3-5 gal/acre 

trees. 

Broadleaf crops (bean, 
manioc, com, banana, 

3 gal/acre 

3-5 gal/acre 

tomato). 

1 gal/acre 

3-5 gal/a.crc 

Rice. 

Mixed vegetables and 

5 gal/acre 

3-5 gal/acre 

rice. 

3 gal/acre 

3-5 gal/acre | 


»t\ S by the manufacturer. 

of ^gal/acre^ m ^ field by C123 aircraft s y st£ ms having n 


Composition of Militarily Significan i 
Antiplant Agents 


Anti pi ant agent 

Composition 

ORANGE. 

50% 2,4-D (n-butyl-2,4-dichloroplu'iit 
tate) 

50% 2,4,5-T (n-butyl-2,4,5-trichlorop In „• 
acetate). 

WHITE . 

20% picloram (4-amino-3,5,6-trichl<M« M 
linic acid) 

80% 2.4-D (triisopropanolamine). 

BLUE 

(Phytar 560G). 

3 poimds per gallon of water of: 

65% cacodylic acid (dimethyl . mi 
acid) 

35% inert ingredients: sodium chlon 
sodium and calcium sulfates, wait. 

BROMACIL ... 

Active ingredient: 5-bromo-3-sec-bm 
methyluracil. 

HYVAR-X: 80% active ingredient. 
HYVAR-X-WS: 50% active ingredient. 
UROX ‘B’—liquid, 4 pounds per gallon a 
ingredient 

UROX 22. 

22% monuron trichloroacetate, 78% incii . 
gredients. 


A»oa Treated with Herbicides in South 
Vietnam 1962-1969 


1 1 AW 

defoliation 

CROP DESTRUCTION 

|Uhi 

I'M, \ 

lV(t/ 

IMCiH 

i'm.m ( Jan.-Mar .) 

4,940 acres 
24,700 

83,486 

155,610 

741,247 

1,486,446 

1,267,110 

356,421 

741 acres 

247 

10,374 

65,949 

101,517 

221,312 

63,726 

4,693 

— 

4,119,960 _ 

468,559 


.. Military Assistance Command Vietnam Reports 
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S p^ e "‘ »y Rear Admiral William F , 
Policy Plans and National c . " 1 

Affairs Office As S fetintT nty Co ""' 

(Inlernationafse'curity A^faiVs)^ 

__ Apartment of Defense 


developments 

C °r ,ttee f Forei g" Affairs 
F ,v st o °! Representatives 
hrstSess^n, 91st Congress 
°" Herbicide Operations 

So S e v m ° St d 'fficuh V U oblems h of b,dd i, eS “ Vietnam . <»•■■ 
Sou^ Vietnam is the inaS to ° pera,i(> " " 

the dense forest and jimgle De£r , ^ 1116 ene "'V ... 
duced in 1962 are capable of n^ ” 8 herbicid *< 

provement in vertical and significan < 

of jungle found in South vieZZ J “ th " «Vl- 

observer, it » often impossible ^' V ’ 6Wed b ? an ae„,i 

to detect VC or NVA operations f l ° U§h tbe earn,,, 
spraying with a herbicid/fh* T' 6 to 8 weeks, alt!, 
servation through the cLtopy° ST* W ' U baVe good 0,1 

Sir “ * ** — 
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hoim* program has been accomplished with an average 
t UnmI I / C--123 spray aircraft and several smaller heli- 
» -I** *iycrs plus some improvised ground spray equip- 

Hothicitlo operations are conducted under a program 
&«»«*< I by fhe Government of South Vietnam. Requests 
§ »h*-«c operations generally originate at the district or 
pi im.-mI level and are submitted through territorial ad- 
pfiNitM *i I ion command channels. The herbicide spray plan 
i-I. i ns a minimum the area requested to be treated 
#m«. In ihicide, the public information, civil affairs and 
■dlMnaiicc annexes, along with a statement by the province 
thut he will see that just and legal claims are paid 
£ * any accidental damage. The ARVN corps commanders 
*«*! ihcir US corps senior advisors have been delegated 
fwllmiify to approve small scale defoliation by ground- 

* spray and by helicopters. All requests for crop de- 
lion and larger scale defoliation by C-123 aircraft 

* forwarded to the Vietnamese Joint General Staff. Upon 
•i'!*iovnl of the request by the Chief of Joint General Staff 
h I* forwarded to the MACV staff for final review. 

I la* MACV staff position is developed as the result of 
MMiiilination with CORDS (Civil Operations and Revolu- 
ilonnry Development Support), USAID, and political rep- 
m ♦ nfatives at each level where they exist. An aerial rec¬ 
onnaissance is conducted as the next step to ensure that 
II populated areas and friendly crops have been excluded 
fo »m the target area. Having determined from this aerial 
mirvey and an analysis of the military worth that the project 
h a valid herbicide target, the project is forwarded to the 
[ i.S Ambassador and COMUSMACV for approval. The 
Ambassador personally approves all C-123 defoliation 
projects and all enemy crop destruction projects. 

Some specific uses of herbicides are: 

1. Defoliation of Base Perimeters. 

A portion of the small scale ground based or the heli¬ 
copter spray missions are used in improving the defense 
of base camps and fire bases. Herbicides are a great help 
in keeping down the growth of high jungle grass, bushes 
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and weeds which will firow in , 
camps. This clearance onenT fi Cared areas .. 
servation for outposts to nJf 1 * ° f fire and alh„,i. 

IS « trU,y a ,ife -saving measure attack " 

aUies. Without the use of herht", ° Ur forcc<l ' 

adequate defense is difficult and * ar ° Und our «" '• 

2_ Defoliation of Lines of Co^m^- P,aCeS 

foliated for betZ^en J^eLr sites bcinjf i, 

along roads and trails. I n m ‘J? and im P rov ed 
queste for defoliation of VC tax ' ^ aJso "•»»» 
wise friendly territory there were ° Ue f on P oin <s- In nil,, 
routes where the enemy could afong well tn IV l u 

tercept travellers to demand taX es n Tf" COVer 
roads was very effective in on. ° fohatlon along «„ 
em be seen from observation i”? * reM s0 "»l H» 
“Ptions these roads were onen i aft> and with few , , 
»f airerat, spray <»vel. The „ 

proved valuable In cleaS? Sew “ ° f “"“»»*■ . 

costly ambush of armv 8 bese areas and prevcnii. 
casualties. °°"™» with resulting S!lb 

or movement are targets foXrtS° fapproach > ^supply 
most valuable use Probab| V' - 

aerial observation in such areas J. f ° ,latlon is to permit 
m areas near the border so that'll " particu, arly 
°f enemy units and their mfu^ detect “ovemcn, 

~ 3t the enemy wiU moveTron^areaTfh"^ fr ° m observa tlon 
Therefore, enemy base ST™* S ^ ba ve been sprayc,, 
sprayed ui order to make him ° T U1 ” f head quarters a,,, 
f'^lf to aerial observaS/lf he T W ‘° 3V ° id «P«in, 

In* ar !r a ,S Sti “ d^ohated, he lm d ° eS , move ba ck in whili- 
engaged. ne mU be observed and can l,,- 

* C 'hP 

ir; srx-ns s-rc 
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I. v ground operations are sometimes sprayed. Such 
r u hi o carefully selected so as to attack only those 
* - l nown to be grown by or for the VC or NVA. The 
♦Mi* h i/til ion to attack crops in specific areas has been made 
P il»* l JS Embassy, Saigon, MACV and South Vietnamese 
M • inment. 

i «• ijuont reviews have been conducted of the Herbicide 

* i mm. The most recent one was personally directed and 
#«m wrd by COMUSMACV in October 1968 to assure 

* m .i II that the program was militarily effective. Prior to 

flic US Ambassador had directed a review which 

* -»m<l at the political and economic aspects of the pro- 
!* "•! The Embassy report was released in August 1968. 
M.. crop destruction program was also reviewed by the 
« IM< TAC Scientific Advisor in December 1967. Each of 
itonK? reports concluded that the program should be con¬ 
tinued. 

I lie requests for defoliation and crop destruction have 
always exceeded our capability to spray. The requirement 
continues although a tapering off should develop if enemy 
m ilvity subsides. A recent review by MACV indicated that 
H|»e rations for 1970 will be less than in 1969. In addition, 
It nine plows are replacing defoliation for clearing along 
tunny lines of communication. 

With regard to the recent publicity of the herbicide agent, 
\ I,5-T, which is a component of orange, a herbicide mix¬ 
ture, the Bionetics Research Laboratories conducted a study 
of the carcinogenic, teratogenic and mutagenic activity 
of selected pesticides and industrial chemicals for the Na¬ 
tional Cancer Institute during the period 1965-1968. The 
uludy indicated that a large dose of 2,4,5-T administered 
orally to specific strains of mice during the central portion 
of the gestation period produced abnormal fetuses. 

However, on 29 October 1969, Dr. DuBridge, Science 
Advisor to the President, stated, “It seems improbable that 
any person could receive harmful amounts of this chemical 
from any of the existing uses of 2,4,5-T.” 

Nevertheless, Deputy Secretary of Defense David Pack¬ 
ard has issued instructions to the Joint Chiefs of Staff to re- 
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s ’«. p die protective cover from which to ambush the 
Himmiik merchant ships and US Navy craft.” 
i <* r'fiH, thc Commanding General of the First Field 
m* m- pi m ted: “Defoliation has been effective in en- 
m (hi success of alhed combat operations. Herbicide 

... u ting C-123 aircraft, hehcopters, truck mounted 

f# • »•.,( uprayers have become an integral part of the 

♦ ♦ / uperutions against VC/NVA. The operations are 
H# My limited to areas under VC/NVA control remote 

wm> population centers. The defoliation program has re- 
in ihe reduction of enemy concealment and permitted 
!»»#«*♦< I use of supply routes by friendly units. Aerial 
IH«imIIi)iicc of enemy areas has improved and less security 
mi r required to control areas of responsibility. An 
W>«H • ciiuit of the herbicide program has been to in- 
. friendly security and to assist in returning civilians 
Hi l »VN control.” 

‘ I he US Commander in the III CTZ related: “Her- 
oj>erations have contributed significantly to allied 
i M.,ii operations in the HI Corps. Defoliation is an im- 
, Hunt adjunct to target acquisition. Aerial photographs 
• »»lten be taken from which interpreters can ‘see the 

r .*«,mr in areas that previously were obscured. Defoliation 
aids visual reconnaissance. USAF FAC’s (forward air 
. mi,H ollers) and US Army aerial observers have discovered 
Willie VC base camps in defoliated areas that had previous- 
i, liccn overlooked.” 

• In the south in the IV CTZ, C-123 herbicide opera¬ 
te mu are limited. This is because of the vast areas of 
valuable crops which are not to be destroyed, even though 
Miry may be in enemy hands. Therefore, the commander 
of I lie IV Corps area in presenting his evaluation cited the 
^ilue of helicopter operations as follows: “A significant 
helicopter defoliation mission was conducted in the vicinity 
nl SADEC in August 1968. The target area consisted of 3 
main canals which converged and formed a strong VC base. 

I lie dense vegetation permitted visibility of only 10-15 
meters hoizontally and nil vertically. The area was sprayed 
with approximately 735 gallons of herbicide White and over 
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90 percent of the area was defoliated. As tin* i. ■«, , 
defoliation, an ARVN battalion was able to * 
night in the area for the first time in five v» - 
enemy bunkers were open to observation. Sin. h •M Wk 
foliation, the VC presence has decreased to tin* \ M 
only RF/PF forces are now necessary for kn .«l •- ijj 

6 . As a part of the 1968 evaluation report 4it i.. M 

operations, the US Senior Advisor in the IV Coip« 14 J 
Zone area reported: “A section of National lliflo * 1 
Phong Dinh Province was the site for a defoliation M 
ation on 24 June 1968. Since January 1968, a ■ 
ambushes was conducted against SVN convoys ami « M 
movements. Because of the total inability of ground t.< 4 $ ;; 
to keep the area clear of VC, this area was spray* d . 4 | 

685 gallons of herbicide White. The target area w • / 

marily coconut palm and banana trees that had boon «’ 1 1 
doned by their owners for several years. During tin ( . 4 

of abandonment the vegetation had become so dm • < >4 
convoy security elements were not able to see mm* o #« 
five meters into the underbrush and had to rely on i 
naissance by fire to discover the hidden enemy. This mm * 
of protection had proven ineffective. Three RF/I’I 
panies with US advisors were used to secure the targ* m . 
the helicopter operation in addition to an armored env ' 
troop. Since the defoliation mission was completed, con 
have used the highway 2 or 3 times a week without an * 
or harassment. Only one RF platoon has remained in i 
area to provide local security to the hamlet and highvv > 

7. In certain instances, we know the VC have l •« 
forced to divert tactical units from combat missions to !*>< 
procurement operations and food-transportation tasks, ui 
testing to the effectiveness of the crop destruction program 
In local areas where extensive crop destruction mission* 
were conducted, VC/NVA defections to GVN increased . 
a result of low morale resulting principally from food shoi i 
ages. 

The most highly valued item of equipment to field com 
manders in Vietnam is the helicopter. There was sonu 
question when the helicopter spray equipment was fit i 
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, ^rteTS would divert the use 
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• i lily efTcctive in control of many species of 
• i i and woody plants, and is used on ditch 
p »• mi hides, on rangelands, and other places. 

in lined by home gardeners or in residential 
■ In mical is effective in defoliating trees and 
t i h * t unc in South Vietnam has resulted in re¬ 
ally the number of ambushes, thus saving lives, 
actions are being taken: 

im I »• 1 'nilment of Agriculture will cancel registra- 
ni T for use on food crops effective January 
M*•» unless by that time the Food and Drug Admin- 
*r ,m tun found a basis for establishing a safe legal 
mm * in and on foods. 

Department of Health, Education, and Welfare 
§#* Hiiiplctc action on the petition requesting a finite 
ir« , i... r lor 2,4,5-T residues on foods prior to Jan- 
mn I, 1970. 

Hu I Apartments of Agriculture and Interior will stop 
pt* im their own programs of 2,4,5-T in populated areas 
Imuo residues from use could otherwise reach man. 
Mu Department of Defense will restrict the use of 
* I to areas remote from the population, 
i Mliri Departments of the Government will take such 
hmih in their own programs as may be consistent with 
announced plans. 

I fir Department of State will advise other countries 
h# the actions being taken by the United States to pro- 
•«■«« I he health of its citizens and will make available to 
Ii countries the technical data on which these de- 
. iiiuni rest. 

Appropriate Departments of Government will under- 
•*#•*« immediately to verify and extend the available ex- 
p»m (mental evidence so as to provide the best technical 
Ixmih possible for such future actions as the Govem- 
tiintl might wish to undertake with respect to 2,4,5-T 
nod similar compounds. 



Statement by the President on Biologi. 
— Defense Policies and Pr ogram . 


The White House 


November 

Soon after taking office I directed a comprehensive M 

gramT "Sere had r bi ° l0giCaI defenSe polic ^ .. ' ^ 

d^ar Z L J f and poUcies “ ‘his field . . 

UndTr ffie 8ramS laCk ! d definition and dircc . 

t , ° d aus P‘ ces of the National Security . 

the Departments of State and Defense, the Anns V. 

noffi^TSTTI. AgenCy ’ * he ° ffice of Sciencc .. 

worked Commimit y and other „ 

worked closely together on this study for over six 

S e ::sr ent efforts were aided by 

AdvE e ^sisr* ^ *. 

fnl^' 8 ^ h3 , S n ° W been completed and its findings , 
fully constdered by the National Security Cou 
now reportmg the decisions taken on the'basis ol 

Chemical Warfare Program 

warfare proeram ’ i6e u " iKj 
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it (l»U renunciation to the first use of incapacitating 

with these decisions, the Administration will 

• . t itie Senate, for its advice and consent to ratifica- 
t ?*.- Geneva Protocol of 1925 which prohibits the 

# a* in war of “asphyxiating, poisonous or other Gases 

it.., teriological Methods of Warfare.” The United 
ip » i« long supported the principles and objectives of 

| i . . We take this step toward formal ratification 

our continuing advocacy of international con- 
P 0 <« mii ihe use of these weapons. 

Biological Research Program 

jp* i mI weapons have massive, unpredictable and po- 
m My uncontrollable consequences. They may produce 
pi* i i plilemics and impair the health of future genera- 

* I have therefore decided that' 

it 11 S. shall renounce the use of lethal biological agents 
i weapons, and all other methods of biological war¬ 
mth 

i in \ i s. will confine its biological research to defensive 
- mures such as immunization and safety measures. 

Hi. l )()D has been asked to make recommendations as 
the disposal of existing stocks of bacteriological 
npons. 

the spirit of these decisions, the United States asso- 
i 1 1self with the principles and objectives of the United 
* mlom Draft Convention which would ban the use of 
,logical methods of warfare. We will seek, however, to 
<4. ify specific provisions of the draft to assure that neces- 
Niifeguards are included. 

f either our association with the Convention nor the limit- 
.»( our program to research will leave us vulnerable to 
. I»f jsc by an enemy who does not observe these rational 
»Miwlnts. Our intelligence community will continue to 
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«.dilution Passed by the Council of the 
* •* ti in Association For the Advancement 
of Science 


December 30, 1969 
Boston, Massachusetts 

* ' recent studies commissioned by the National 

* Institute have shown that 2,4,5-T and 2,4-D cause 

* m mi I formations in experimental animals, and 

* iih, the above studies conclude that 2,4,5-T is prob- 
i i»ij*erous to man, and that 2,4-D is potentially danger- 

mnn, and 

Mi win, 2,4,5-T and 2,4-D are widely used for military 
H'tllon in Vietnam in amounts (20 to 30 lbs/acre) that 
miik Ii greater than those used in civilian operations, and 
Minus, there is a possibility that the use of herbicides 
" imim is causing birth malformations among infants 
• l»oNcd mothers; 

i Micfore, be it resolved that the Council of AAAS urge 

* I ho U.S. Department of Defense immediately cease all 
•I 2,4-D and 2,4,5-T in Vietnam. 
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Statement by the AAAS Herbicide 
Assessment Commission, 


December I I 

The American Association for the Advancement ol I 

has asked Dr. Matthew S. Meseison of Harvard 1 1 in¬ 
to plan a study of the effects of the military use ol 1 
cides and defoliants on the ecology and on human u 
in Vietnam. Dr. Meseison will be assisted by I)t \- 
H. Westing, currently on leave from Windham ( « t 

Putney, Vermont, where he is Chairman of the I >• i 
ment of Biology. 

Preliminary plans for the design of the study are a i * 
lows: after a brief initial period of reading and imp 
a document will be drafted identifying the questions i- 
answered by the proposed study. This document will i 
circulated for comments to a group of specialists and on 
interested persons, then revised to form a working p , 
which will guide the design of the study. A design !••• * 
study which will provide answers to the questions p« • 
in the working paper will then be drafted and simil 
circulated and revised. At that point, a summer con fed 
will be held to bring together a commission of specialiM 
This conference will discuss, revise, and expand the p« 
iiminary design, which will later be circulated once mm* 
for comments, then revised to form the final design lot » 
study. Designs for alternative long-term and short-trim 
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Military Use of Herbicides 



AAAS Herbicide Assessment Commits . 

Cs "*^I«!hSi2«hSw?'u.'J , A 

L The Herbicides 


A ' U IT °f Herbicides 

r -■£ £ y m £; st r hwe *- 

■*« ■*. 

By <W„ ? By «*dteSw St,*"" *" <I 
3. What is the purity of the y tran sport in water? 
the levels of possibly signet Tf" Wha. 
this varied in each iLjoTfct? C ° Wamin ™ How ,,, 

regarding effect?of 1 herWcid?“s are h already avai, "''l" 
relevant situations elsewhere)? Vletnam (or in 

Ary any ^ S •»* “ f “» ctanwl. 

6 ‘ At "** rates and by £” 

j 02 Processes do herbicides 


i *»* ■ » f iotn the soil in the different habitat types in 
jMif^ iIm y me used? from the water? from living organ- 
I Wlmt is the situation in areas sprayed once or 
#=. 11 mi 11 once? 

t ^Imi tire the specific chemical and biochemical path- 
|ni m! herbicide decomposition? Do these differ in the 
M nl habitat types involved? 

I v Im»i important abnormal metabolites or abnormal 
'■••life levels does herbicide application induce in 
fe r organisms? 

* ihe burning of wood or leaves from herbicide 

n< >’<! vegetation produce any significantly harmful 

l - hii is? 

in What levels of herbicides, herbicide breakdown 
, - ini is, and herbicide induced substances are ingested 
i» mi lous human population groups? 

n. Ecology 


a it, nr line Data 

I What are the major natural vegetational types (com¬ 
munities) in South Vietnam, and what is their species 
. (imposition? How are the types distributed, and what is 
their extent? 

• At approximately what successional stage is each type? 
What are the presumed successional states for each type? 
I What is the composition of the animal communities 
that accompany each of the vegetational types? 

I What are the major soil types and their distribution? 
■S What are the climatological conditions? 

It I fleets of Herbicide Usage 
<). What plant and animal species are particularly sensi¬ 
tive to the different herbicides (or contaminants or break¬ 
down products)? Why? 

7. How do the several plant communities change fol¬ 
lowing one spraying? Several sprayings? 

8. How do the associated animal communities change? 

9. How do the soil macro- and micro-organisms change? 
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10. How have the aquatic habitats (as well a*, ii. 
fish, etc.) been affected? 

11. Are any of the soil types affected? In i< 

structure? In organic-matter content of the In in i • . i 
below? In nutrient availability? Has significant < i # 
laterization resulted? Are there changes in 1 1 «• ^ 

table? 

12. What are the important specific effects on ili«’ i u ^ 
and animals exposed to the herbicides? Are then « i 
cant effects on health? growth? development? lant. 
chromosomes? 

13. Are there significant ecological interactions In i 
herbicide effects and bomb craters, bulldozing, fur. • 

III. Health (Public and Individual) 

A. Baseline Data 

1. What was the population distribution in South \ .■ * 
nam before 1960? For each year since? 

2. Are there other basic demographic data available i 
these years on a region by region basis? 

3. Are there detailed public health data available t 
each of the years and regions of interest? 

4. Are there disease vector data available (populate 
sizes and distributions)? 

5. What have been the public health measures routim I 
employed for the years and in the regions of intcn-.i 

6 . Where are the major hospitals in South Vietnam a ml 
by whom are they operated? 

B. Effects of Herbicide Usage 

Note: The following questions apply to the herbiculn 
themselves as well as to their contaminants and break 
down products, and to deleterious induced metabol it im¬ 
possibly produced in food organisms subjected to spray 
ing. 

7. Are there significant immediate (or acute) threats to 
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;rSTSU chemthree* 

•^assssi.-"- 

a. ultributed to herblc ', 6 heaflb problems related in 

, iiiy to age, sex, 
m ion? 

/ c/v'ta.l and Economic) 

IV. human welfare (Social anu 

Hum* line Data 
I what are the tiring 

.. in unsprayed regm pr(0[ to spraying)? 

Nnuth Vietnam (or m afi mral loca i economy m 

J Wha> 15 >*“ stt ““ various parts of South Vietnam 

- 

Note: See also questions 111- 

„ Wets of Herbicide Usage 

\ What is the economic imP^on local pop ■ 

one spraying? of ^al markets? 

on individuals; on the v1 ^ | garden crops affect- 

4 . How (and how permanently) ar g 

cd? Tree fruits? Livestock/ orc hards and plan- 

5 . How (and how permanently) are _ teak; etc.? 

unions affected? Rubber; co , ’ fohing affected? 

6 . How (and how forestry affected? For 

7 . How (and how permanently)^! 

timber; pulp; charcoal-game, ^a^ q{ herbici de usage? 

8. What is the psycholog J contribute to 
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population migration? What nr 

t,on ^ permanent? What ^ P °". ' 

other social effects? thc Guilin, 

. 

M» be) inslituM I me “ l,ra ‘ .. 

^ of spraying, juZ^***** . 

V. Procedures and Pr ior1t1i .. 
ority? (bC <,uest,oos bsted, which arc ol 
been overlooked)"' 00 ^ imponant questions win. 
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i*tmnent of Dr. Arthur W. Galston, 
i Milussor of Biology and Lecturer in 
Forestry, Yale University 

1 'oilvored before the Subcommittee on 
u illonal Security Policy and Scientific 
i nlopments of the Committee on Foreign 
Affairs House of Representatives 


M* ( i ai.ston. Thank you, Mr. Chairman. I apologize for 
Ui* arrival, and also for not having a prepared state- 
• I was informed of this hearing just a few days ago, 
• have not had the opportunity to prepare one. 

Mi Zablockl Very good, sir. 

Mi Galston. I will, however, make some extempora- 
h«i» statements, with the aid of notes, if I might. 

Mr. Zablockl You may proceed, Doctor. 

Use of Herbicides as Weapons 

Mr. Galston. I am a botanist, and I would like to con¬ 
iine my remarks to the use of herbicides as military weapons 
mi Vietnam, with some overtones concerning the social and 
health implications of their use in the United States. 

Since 1962, about 4 million acres of Vietnam have been 
•prayed with about 100 million pounds of assorted herbi- 
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n fe« Mm .soil, that the massive use of this chemical does 
«*IH ule a health hazard. I shall have occasion to re- 
- thin point, because recent evidence indicates that not 
HI), hut more importantly, its relative 2,4,5-T, may 
“.»r mi important health hazard, both at home and in 


Underscore Effects of Herbicide Use 

f 1 - Muds of undesirable consequences that flow from our 
fist * • iinc of herbicides can be summarized under three 

- .*1 headings. Some of these have been already alluded 
1 1 S‘41y by Mr. Swyter, and I hope I may enlarge on them. 

• Mm i« ecological damage; the second would be inadver- 
£*t figticultural damage, and the third involves direct dam- 
»#«■ i" people. 

i. ecological damage 

i 'mlcr ecological damage, it has already been well docu- 

* Mini that some kinds of plant associations subject to 

especially by Agent Orange, containing 2,4-D and 
I\ have been irreversibly damaged. I refer specifically 
«»< Hie mangrove associations that line the estuaries, espe- 
uily around the Saigon River. 

Up to 100,000 acres of these mangroves have been 
'i'ntyod. In a report published in Science about a year ago , 1 
i »i I red Tschirley, who went to Vietnam at the behest of 
Mu U.S. State Department, confirmed that there was ex- 

• MNive killing of these mangrove associations by one spray 
f .\4-D. Some of them had been sprayed as early as 1961 

have shown no substantial signs of recovery. Ecologists 
have estimated a minimum of 20-25 years for effective re- 
h » very to occur. 

Vou might ask why we should be concerned with the 
mangrove associations. What are they to us? Ecologists 
have known for a long time that the mangroves lining es¬ 
tuaries furnish one of the most important ecological niches 
for the completion of the life cycle of certain shellfish and 
migratory fish. If these plant communities are not in a 

*Tschirley, F. H., “Defoliation in Vietnam,” Science 163: 779-786, 1969. 
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that the agriculturalist knows is fslentia/f'' . 8truc '"" 

good aeration, good water. fln ! forgood tilth, win. 
and good quality for the growth mmeraI 'holding capadi 
bial activity, we JuldtT r °° tS ' FaUin 8 the mien. 

tng. If this occurs agricultural dlfficu,t y peneirnt 

.y. »d J 
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e ,»* iimn this, certain tropical soils—and it has been 
i that in Vietnam up to 50 percent of all the soils 
B IN * 1 thin category—are laterizable; that is, they may be 
jp* MMy converted to rock as a result of their depriva- 
• •••iiiifiic matter. Many tropical soils are very weak 
#4 » tti* agriculturalist knows as base exchange capacity. 
h < h tiling that stabilizes the soil is its organic matter, 
ft i havc mentioned earlier, you deprive trees of their 
e* «ml photosynthesis stops, organic matter in the soil 
i mid laterization, the making of brick, may occur 
# * y extensive scale. I would emphasize that this brick 
§ jpffvurnibly hardened; it cannot be made back into soil, 
"i breaking it up with a sledge hammer or similar 
* Part of the Temple of Angkor Wat in Cambodia 
ir of laterized soil. The fact that this temple has been 
miiI for 11 centuries is a testimonial to the persistence 
t tin h material. 

Anther ecological consequence is the invasion of an area 
M undesirable plants. One of the main plants that invades 
i *»rn that has been defoliated is bamboo. Bamboo is one 
4 M«i most difficult of all plants to destroy once it becomes 
. i •Imbed where you don’t want it. It is not amenable to 
• iiimji by herbicides. Frequently it has to be burned over, 
•I Ibis causes tremendous dislocations to agriculture. 

Dangers of Picloram 


finally, in the line of ecological damage, I would note 
• *i ihe recently introduced chemical picloram is one of 
n longest lived pesticides I know of in soil. I believe it 
be a herbicidal analog of DDT. As we all know, DDT, 
m! induced into our ecosystem, persists for years and years. 
•Mi loram is not quite that long lived, but it is very long 
lived, indeed, compared with any other herbicide. 

In “Down to Earth,” a publication of the Dow Chemical 
‘ o. f which synthesizes this material, I have read that less 
•ban V/i percent of the applied picloram disappeared from 
• < i lain California clay soils in a field trial lasting 467 days. 
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In other soils, the disappearance is up to 20 \n i 
applied material in 467 days. 

It is clear that picloram, once applied, could i * 
for years. I would suggest that its massive upph* 
the soils of Vietnam is going to hamper agricultiH # | 
after hostilities are over, for some time into ilu * ^ 

n. INADVERTENT AGRICULTURAL DAM A(i|( 

My second category of damage is inadvertent >, ^ 

tural damage. There are many useful plants growing t« * 
parts of South Vietnam. When one flies over a Im- # 
area that one wishes to defoliate, with a converted 
plane carrying tanks of herbicidal liquid delivered tin 4 
high-pressure nozzles, one hopes that one has guged * *# 
meteorological situation accurately and that the fine »l» 
lets produced by these nozzles will, in fact, fall on hi* 
whose spraying is desired. 

It is understandable, weather being what it is, that wn. 
come up occasionally, that meteorological patterns elm Mg 
drastically, and that pilots miss the mark. All sorts of i- 
advertent accidents can happen. Finishing a run with <n. 
gallons left in the tank, and jettisoning the rest, may mu 
it to fall in areas not desired, as the Skull Valley accid* • 
made dramatically clear. 

We have documentation of several very important no I 
dents of this kind in Vietnam. For example, thousand*. ••! 
trees in the Michelin rubber plantation to the north and 
west of Saigon were injured a few years ago following * 
spray operation. Some trees were killed, some recover ol 
slowly, but the United States has compensated the French 
owners of that rubber plantation at the rate of $87 per tiv< 

In Cambodia, we are now facing a lawsuit by the Cam 
bodian Government to the extent of about $9 million, re 
suiting from extensive spraying in the Tay Ninh Province 
of neighboring South Vietnam. The report of the invest i 
gation team, which included Dr. Fred H. Tschirley and 
Dr. Charles Minarik of Fort Detrick, concluded that only 
a part of the damage is due to inadvertent drift. Some 
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. ,i.. p to deliberate spraying 

i* ■i'l“' l,r * t0 h h aVe der e “ any event some 700 square 
,,. utnbodian border. In_ J outcome o£ 

' of territory were affected, an 

..it is Still to be determined.^ ^ dam _ 

U „ tmve been documented P and cana ls 

M . . crops grown the drifting of 

« M«»n. This results, Ibehev, ^ t fee 

S^as m 

m d dollars. 

ra . damage to people 

finally, I would e h t0 - des^cmme^oligW- I refer to 

.. use of these herbicides ^ & source of great dis- 

«i . direct damage to P«>P • after the first m- 

. i.. me to find that som ? oxyacet ic acids like 

„(, H llon of the chlormat ^ constitute about a $40 
, ,, and 2,4,5-T, which together^ ^ ^ have not 

ilium business in thlS “ adeq uate toxicological data 

h.... pubfished before y agriculture. 

. t(1 pport their extensive use in agr ^ ^ rapidly 

We have depended upon We usually say its 

, , uded in soil by microorganism . one extra 

M Ide is just a few W .• substantially longer 

Murine atom ^ ^^TaS now been shown to be 

u -d. It is this chemical w h ^ also suspect . _ 

i .miful to animals, althoug “ ^ - C al study was commis- 

. large number o« 
Three kinds of tests we one Solved muta- 

w mmonlyuseda^e»jt“» ° ^ MU se mutations? Tbis 

. “H?* ”, organisms. S-*" 
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injected into test organisms such as mice? Thinll 
teratogenic; that is, do they cause malformahm. 
veloping embryos? 

Teratogenic Effects of 2,4,5-T 

The teratogenic chemical with which most of 
familiar is, of course, thalidomide. It has recenth • 
divulged that 2,4,5-T is one of the most teratogen n 
cals known. In experiments by the Bionetics Lai- 
in which 2,4,5-T was fed in the diet, in honey, In- 4 
up to 113 milligrams per kilogram body weight, ni.. 
teratogenic damage was noted. Even at the lowest .t. * 

have quoted, 4.6 milligrams per kilogram, there was in .. • # 
enlargement of the liver of the mother. This show • ^ 
the body was trying to cope with this extra burden, n 
to detoxify the chemical which was applied. This do*., 
produced a significant rise in abnormal births in rats 

If the chemical was injected subcutaneously, the dan. 
was somewhat greater. At the highest concentration n 
113 milligrams per kilogram body weight, which is eqm.« 
lent to only a few ounces, for a human, 100 percent »>i 
of the litters born had at least one abnormality, and u|> . 
70 percent of all the offspring were abnormal in not* 
major respect 

The abnormalities include lack of heads, lack oi 
faulty eyes, cystic kidneys, cleft palate, enlarged livers, ,»«. i 
other types of damage which toxicologists and teratolof-i .« 
feel are very significant. 

The results with mice were so striking that tests wn. 
conducted with rats, and the rat tests confirmed the terato 
genicity. I suppose the next step will be to test this chenm ..l 
in rabbits, dogs, and then in primates. 

When the President’s science adviser, Dr. DuBridge, win 
made aware of these results, he issued an order which 
restrained the use of 2,4,5-T, both domestically and in 
Vietnam. As I understand it, as of the 1st of January 1970, 
2-4,5-T, which is used massively domestically will not !>o 
available for agricultural usage, and its use will be restricted 
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■ ..mu the underbrush from around powerlines, raU- 
, milmnkments, and the like. In Vietnam, 1 , 

• areas is to be discontinued. The e P a 
. ... has announced that this is consistent with present 

m .ml that operations involving 2,4,5-T w P roc 

( mmiest that its teratogenicity is such that even dsuse 
•» h apparently innocuous domestic manners as clearing 
i ... poweriines is undesirable. Such chemicals could 

*. « tiirn wavs into water supplies, and cou g 


Effects of 2,4,5-T in Vietnam 

have sprayed 2,4,5-T exhaustively in Vietnam Have 
•' .used any damage to people there? One can 
fc. ...re. All that one can do is put together various bits 
4 .vide nee. We know that 27 pounds per acre are sprayed, 
i .i us assume that 2,4-D is completely nontoxic, althoug 
•. llionetics report indicates that it, too, is suspec , an 
sMttld be further investigated. 

If you consider only the 2,4,5-T sprayed and assume 
■ l n 1-inch rainfall, which is quite common in South 
>. mum, has occurred after the spray, then you can ca 
.i.iie that there are about 50 milligrams per liter of , , - 
,, the water. Most of the drinking water and cooking water 
.. South Vietnam is gathered in two ways—either from 
.. y shallow wells, or from catching the ramwater from 
rooftops and keeping it in cisterns. . 

II one assumes that a pregnant woman drinks a liter ot 
. ,lcr a day, which is certainly conservative, then she con- 
tumes about lVi milligrams per kilo of body weig t per 
,i , v . While this is a little bit below the lowest level tested 
... the Bionetics survey, I would recall to you that even 
those lowest levels indicated some damage in the form of 
oversized livers and abnormal births. Furthermore we can¬ 
not be sure that humans are not more sensitive to the 
,’,4,5-T than are these test animals. 

1 would also like to suggest that if the rainfall were less 
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or water consumption more or if there were uiu v< ■. 
of 2,4,5-T, then significant teratogenic events * 
occurred among Vietnamese women. 

Reports of Abnormal Births from Sai«. 

Is there any evidence that such damage has <»« 4 

If one looks at the Saigon newspapers, one finds Hi » i| 
late 1967, which would coincide with the end o! 11 * 
year of our massive spray operations, there have 
numerous reports, in the Saigon newspapers, of H || 
cidence, especially in two hospitals in Saigon, of » 
pletely new kind of birth abnormality. It is called tli« i j 
bundle-like fetus,” pictures of which have been ptiM< **i 
on the front pages of some of the Saigon newspaj*! - 

We do not know, of course, what is causing Hh I 
normal births. There are many traumatic events on m * 
in South Vietnam, and we cannot say that 2,4,5 -1 t * 
trauma which is giving rise to these abnormal birth. i* 

I would say that the entire spectrum of events 
me, as a biologist, to examine current restrictions on m* 
use of all of these chemicals, none of which has been i» 
adequately for effects on humans and animals cl< 
humans. I would hope that further restrictions would »- 
placed on the use of these chemicals until we are sun H 
they are not causing adverse effects on people at hom< 
well as in Vietnam. 

Like Mr. Swyter, I would hope that the herbicides worn > 
be included in those “asphyxiating, poisonous, and oih- 
gases and analogous liquids, materials, and devices” win 
use is banned in the Geneva Protocol, which will shotih 
be resubmitted to the Senate for ratification. 

I would hope that the Senate, and all others concern* i 
with this problem would do all they can, in the light of tin* 
evidence which I have presented, to include herbicides in 
the ban. 


Report on Herbicidal Damage 
by the United States 
in Southeastern Cambodia 


... .. _ tr \M 


Phnom Penh 
December 31, 1969 


INTRODU ction 


„„ nf a study of herbicidal 

toCambodia 

|llKC by the UnUed State^ ^^^^ commlS; 

ird out by an ad hocm f pensive field investi- 
. |t is based upon four days December 1969 and 

Ion during the period of ** Ph nom Penh with 

additional detailed int Minister 0 f Agriculture, 

Chuon Saodi, the Cam o j Q f state Rubber 

Min Sarim, the Director G^o^ por _ 

nutations, M. Suon Kase > h tQr o£ Agriculture, 

i», and Game, M. Hmg U , o£ Agronomy, 

Sor Thay Seng, Chief of 

id with other govemmen Roya i Government 

Our study was made possible y * ^ land and air 
, Cambodia, which , supP » ,, u areas 
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in question and to otherwkp n »rf n 

and all areas we wished to visit wereTreelv "" 
purposes of inspection • y °* M " 1 

In .be <WdT^ JS’S* “ d . 

more sdeobsu and oce.aionaUy oto“ST"', ' 
bodian government (anr\ u " 

”«-4 

operation and gracious hospitality wh^ewrT"' ' 
the people at all IpvpIc y wnerever wo r 

of bili,y a,,d 

French (and often p n »n y n ° * an & ua g e hurt *. # 

where and since a CambodZ* (KhmerTmi' 1 ' .' ' 

always available to us as neeA-d f ,nU ,|M ' * ' * 

uneducated local inhabitants. M. MbSa^ry' " ” 
era1 of State PnKW m . . ^anm, Dirceim ♦ 

es.=r>, <*¥> * .. . • 

useful to us because of hie i ^ ^ times. He w.i, , F 

the areas we visited and becau^of?*!" 1 * , Wi ' h 
her culture, of forestry anri t f hlS knowlcd K p "I , 

studied for five years auhe jfn-^ agr0nom y- M - MU. 

Cambodian, French, and English™^ ° f ^ Uebcc; *'" ' 

evaluation^/ ^ttr b S d T!LT “ dCpendent — 

States in April and May of !9 6 T One T ^ * hC " . 

verify the earlier Ca mU- , ^ ne our aims u ,, . 

of damage. We wished pStSlarff 'tot *** . . 

covery, extent of long-term pff *° assess ratc 
iocal inhabitants an/their econn ’ “f **“ “P 301 «•• 

was to gain some preETSA" 101 * •**»• . 

and economic damages caused^ hv ^ ecol °" 

. 

ages Caused by'TTcfo'lTTy ’ bodlan Eeonomy: R„v 

z ■*«" d “^Cb5 ffeSi'iiXr 
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* Dcgats Dus aux Epandages des Produits De- 
pur les Avions Americano-Sudvietnamiens.” 
i. it** Smim et al. (an ad hoc Cambodian Ministry 
h nilnre committee) 

& < IVnh, 16 May 1969, 15 pp. 

P =4 iliioo brief subsequent reports by this committee 
| ■ Inly 1969 (5 pp.), 17 November 1969 (3 pp.), 

* December 1969 (4 pp.). 

n Report on Herbicide Damage to Rubber and Fruit 
fam In Cambodia.” 

• • I Minarik et al (an ad hoc U. S. State Depart- 
■ 1 (nun) 

#*mi, 12 July 1969, 16 pp. 4- 5 appendixes [limited 
*il nlion in November 1969] 

Personnel 

h present study was conducted by a four-man ad hoc 
«m commission, two members from France and two 
from the United States: 
lr an Lavorel (plant biophysicist) 
l hi * etcur de Recherche et Directeur du Laboratoire de 
Hh ilosynthese du Centre National de la Recherche 
‘i. lentifique (CNRS) 
i (iif-Sur-Yvette, France 
1 (ion Matarasso (lawyer) 

^ vneat a la Cour de Paris 

\ lee- President du Centre International pour la Denun- 

♦ in l ion des Crimes de Guerre 

9, Rue de Toumon, Paris, 6% France 
’ lioBERT W. Pfeiffer (Ph.D.; animal physiologist) 
Professor of Zoology, University of Montana, Missoula, 
Montana 59801, U.S.A. 

I Arthur H. Westing (M.F., Ph.D.; plant physiolo¬ 
gist) 

Associate Professor of Botany & Chairman of Biology, 

Windham College 

Putney, Vermont 05346, U.S.A. 
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Field Itinerary 

*JJnZ day> 25 December 1969 ■ Aerial .. , , 

smaU reconnaissance plane of both damaged , 

aged rubber plantations and other lands. This w. . 

sx ^ and ° ver • i 

^ ° 8 K 0ng) ’ Mimot ’ W6mot ... , 

TZLZ ? southeastern border province „l , 

Chtun (adjacent to the South Vietnamese provm,. . / , 

Rnhh^p 25 D u ecember 1969 ■ Visit to the ( . . „ 

Rubber Research Institute (Institut des Rechcrd,, . 
Caoutchouc au Cambodge; IRCC) at Chup and , 

ffXr Plantati0D (Connie . « 

tervfeid L f ,? eXamined recorc . . . „ 

terviewed the following professional staff: 

m' L ' ^ es “ g (chemist ) (Director) 

M Dec °mnc k (plant pathologist) 

M. Chat Kim Chun (biochemist) 

M. Langlois (agronomist) 

^ Tu Py (plant physiologist) 

"« wSS t 2 P '““” <“» 

rubber trees of the several major varieties at various , 
Saturday, 27 December 1969 Visit tn 

m?TdT r eas,0 ‘^ et > <™P'°yl°S » 500 

ers), and to the associated village (population , „ MI 
This was a typical (though somewhat larger) exanml. 
the many small plantations in the region that were l! 
aged to a greater or lesser extent. We inspected the d 
and interviewed M. Buoy San, d,. 
eral tappers and villagers at random 
Next, we visited the heavily damased l.nr^ 

“ <Soc “ Kbm ' re 

rfHtCC i£ “ mp, ," y ° f Dr ' R '“« •«! M. Dec.. ., 

Of IRCC. Here we ah. inspected ihe d,„, 8 e and ta „ 
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• * I Soin Khom, the director, as well as several field 
m uni! tappers. 

w 29 December 1969. Visit to the rather heavily 
large French plantation at Mimot (Societe des 
Hin» '»“•♦»»* Reunies de Mimot; SPRM) which employs 

t workers. Here we inspected the damage and 

(pwckI: 

*l I', Pellegrin (Director General) 

M C. Audureau (Assistant Director) 

Mi ( harles Bosquet (M.D.; Director of the hospital 
Hi Mimot) 

H ns the five Cambodian owners of five very small 
pi »>, rubber plantations (and each living in a different 
H »l*y village). 

m* •!. wc visited a small village in the vicinity (Chalang 
hi. in inspect in some detail the damage done to local 
»iMural and horticultural crops and to interview the 
t^hitunts. 


Observations and Findings 

i'i ttfral . The principal period of herbicidal application 
* tun to have occurred during April and the early part of 
M«y of 1969, and thus at the end of the dry, dormant 
p**un. Our observations were therefore carried out some 
pl»l months later and after the passing of one complete 
rowing season (the wet monsoon season of May through 
November). The U. S. State Department examination had 
* n made about two months after spraying, shortly after 
1 ■ onset of the growing season. 

About 70,000 hectares (173,000 acres) were damaged, 
f which about 10,000 hectares (24,700 acres) were dam- 
i « (l rather heavily. This affected area contains about 
11,500 hectares (38,300 acres) of damaged rubber planta- 
of which about 6,000 hectares (14,800 acres) were 
i imaged rather heavily. Of the 15,500 hectares of damaged 
lubber, about 11,400 hectares (28,200 acres) are over 6-7 
yours old and thus in production. 

Hie herbicides used seemed to have been restricted to 
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,4,5-tnchlorophenoxyacetic acid (2 4 5 Ti 
formulations; Otis „ kture 60es ,h ’ 

Department code name “Onmms -w. , 

agent Oranop k n ^ e * conclmh .1 «i. 

g , .range because of the characterise, ■ i 

S alSti by fhe'u'“lol 0,her ' 

a( , rM a- , 3 ^'ograms per hectare (0.1 1 , 

acre) of active herbicidal ingredients Th,- 1 
refers to the eastern and wes em l r l ' ' 
-.the grater amount 

highly (though somewhat'variably) 3 ^ PreSUm:,hly . 

timber trees and^manjfv^etablesWHsT ** . . 

to monocotyledonous plants tin 1 J genera,, y |r 1 

reals, bambi, bana^o p ato "tfhTl n. 

are toxic to lethal by virtue of hi'- B th2 ’ 4 ' D antl ' 
located by the vegetation th mg fhsorbed and n 
endogenous growth hormonTTiT mimic certain 
controlled overgrowth flow? CaUSe erra tic and 
branch dieback Temn^ ’ and ,eaf a ^ a ' 
and in some instances de2h Tny^ 4 D T? 
ground decomposes within , t Y 2,4 ' D that reac,u ' 
any 2,4,5-T wiZr.^rnSr " , “ 1 ’ a,Kr 

males can be made to ’'hh”" d * mne ° ' 

liensis) since very precise recorH (Hevea h '“ 

and the larger plantation™ ■ ^ ke P* b y ‘he IR, 

by block basis witS Sect Tot V3nety by varie * and 
yield, and latex quality Tho gr ° Wth ’ tree health, 
nel are well trained and comTteT^TT 3 * 100 perso 
ployed by them are scientifiTlJ’ and the methods c, 
date. Latex yield per hectare J IT technoIo g ic ally up 
in the world. t w region is the highe 


iIImi 


*N (I 
ill'll 
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* #i h quite a number of varieties (clones sensu 
hio in use in Cambodia, more than 90% of all 

§ --* i'il production is more or less equally based upon 
Mi«]or varieties: “GT.l”, “PR. 107”, and “PB. 86 )”. 
I i H. State Department report describes the three 
i vrtilcties to be AVROS.50, which apparently has 
fe mi fused with GT.l; PR.107; and PB.36, which is 
* filly a misprint of PB. 86 .) 

i I, originally defoliated 90-100%, has since experi- 
e* tin) greatest amount of branch dieback, and has been 
-lowest to recover. Branch dieback of 2-3 meters 
;} hi fret) or more was quite common. Young trees of 
.ulcty and those growing under adverse soil condi- 
t - have in many instances died over the past eight 
I Milm. Latex production in the half year following spray- 
* e whs reduced by as much as 70-80% in this variety. 
Mm» current complement of leaves is somewhat abnormal 
fc ^i*l»carance and the dry rubber content (DRC) of the 
*• * now flowing is subnormal. 

NLI07 has turned out to be somewhat less sensitive 
•a GT.l, all of the above described effects having oc- 
•mmhI to a somewhat lesser degree. PB .86 was least af- 
by the herbicides and has now after one growing 
recovered to a large extent. 

Over-all, the IRCC has determined conservatively that 
*'•« May to November 1969 latex production of the sprayed 
whbcr trees was reduced by an average of 35-40%. This 
presents an economic loss so far of approximately U.S. 
11 1.0 million. We judge these figures to be reliable since 
* • were impressed by the detail and accuracy of the records 
feept by the IRCC and the larger plantations and by the 
• »bvious competence and integrity of the professional per- 

I nonnel involved. It should be added that this opinion was 
dlured by the U.S. State Department team that had made 
l ho earlier inspection. It is also important to note that the 
tlnniaged rubber trees in production represent over one- 
ihird of all the rubber trees currently in production in 
(,'ambodia. Rubber is the first or second most important ex- 


h 
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port commodity of the nation, crucial in .1 
trade. 

It is difficult to accurately estimate the mi.... 
present and future damage since many dim 1 
factors are involved. Whereas PB .86 may hr 1 ... i « 
tially normal production within another yr.u in 1 f 
well level off at only 80% of normal pmdu. 11 . * 

another two or three years. Presumably, PR in/ ** ] 
termediate in its rate of recovery. The death «.i » 

and PR. 107 trees will preclude full recovery of •»... ,* s | 
duction per hectare until their normal time (»l 1 . ,•!.*♦** J 
at about age 40-50. (The larger plantations I... . . 
blocks of about 100 hectares [250 acres] in all ,« J 
and follow a regular annual schedule of renewal 1 

One of the serious indirect problems that ha 4 j 
resulted from the herbicidal defoliation is the |a. 1 .*.4 
of a luxuriant understory of weeds throughout tin >4 
area, resulting from greatly increased illumination < M 
forest floor. These weeds not only compete for the 1 # 

soil nutrients and water, but also enormously imi... .» . 4 * 
fire hazard during the dry season. Indeed, we inspr, 1 , 

disastrous results of one 23-hectare (57-acre) fire n ■ . * 

from just this situation, all the rubber trees having 1 
killed. These weeds are being cut in part, but fin am ml 1 
itations preclude adequate control. The wecd-av.u. . - « 
losses may well approach the magnitude of the In . .. . 

suiting from the drop in latex production. 

Another problem (which applies most seriously i,» 1 
many small plantations and to the entirely damaged hn, 
ones) results from the fact that tapping of the injured n- 
must often be continued almost unabated for pressing 
nancial and social reasons. Most of the families compil e 
the ca. 30,000 inhabitants of the affected area depend tip. 
tapping as their prime source of income. This unfortmw.n 
situation prevents the injured trees from recovering, 
rapidly as they might if they were left alone for a year ... 
two, and is likely to lead to an increased rate of mortaliu 
Moreover, since the tappers are paid on the basis of amount 


V 
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.... cd daily, they » sarnin8 

\ .. the blocks «***.*£«£ 

wi decimated regar w ;n largely lack these 

IM** 7 Ss^dtiie possible need for earlier 

■' *„« classes. This and m P ^ possible earlier 

*,■ . of mature nroduction) will unbalance 

Cr, t.0., earlier drop in latex F^cuo ^ ^ added 

, rotational cycles for d ^ gardens (the 

m 

£.1 varieties) were badly damage • con dition of 

.. £££fungal or to*. 

sS «. a*,« «. ° f 

‘'I .illy, it - of phyeiologa, ^-^o ““ td*BDS; 

' s " l ' ,0P °r iOn th^nte^al since the spraying. It is most 
‘ »“ Sly sensitive varieties are essea- 

ihiimtc that tnese offpeted area. 

M V not in commercial use in va riety of garden 

/ > mintage to ' other "f h n orU A c ^ e al) weZ d^vLtated 

, (both agricultural and ^ scattered 

, seemingly endless J £ ca . 30,000 

, .ughout the affected are . f armer s that depend for 
.i ...habitants are ‘”™S u e e . These people 

m ii wellbeing upon their » wither before their 

,.V their crops thenLf^drapread death of the vegetables 
, Indeed, it was the widesprea 

. . heralded the rest of the djm-jjtothe ^ ^ 

mrent crops of wgeta es Psi dium guajava), of 

apples (Ananas comosus), ot gua ' (Carica a . 

,2k fruit (Artocarpus ^Sp^ destroyed. 

P ova), and of many, many food cr0 ps that were 

ho- o' f tTuSISSSo [Lie 

Urgely wiped out at the tu and M u i tiss i ma ), to- 

mus), manioc ( Mamhot e several mes of beans 

mato (Lycopersicum escu ^ yigna sesquipedales, 

, rhaseolus vulgaris. Glycine max, vig 
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etc.), cauliflower (Brassica oleracea) , 

(Annona diversifolia? reticulata?) 

Food plants that seemed to be only bin 

; 

■ 

erate measure^of ° f the * e > coco nut is now 

ptaLSluteau^ 0 » 2* a “" a, ■*“» «'»• h. 

to be normal ?! Spraymg for the mo « I. 

Plants loT^^e to dat ^ . . 

new papaya crop is small and the U> . . 

what distorted on * m,™k i ® Inuts and leav <^ «i. 

have died in the interim Ind 6 pl ^ ats< 80010 '■ 

sisted are as yet bearing. The cm^/ao^ ' mv# 1 
part not yet bearing P i<L r r k d a PP ,es are for ih. 

apparentfy not ^ 8 ii Ritchie Cl, . 

dieback and are not yet b^ri^^Th 00 ^’ Sufferei1 
trees (anticipated byTThe important jack i. 

largely recover) are U n^L , tatC ^P 3 ^ 0 "' . . 

dead. Indeed L l^ Tf dy n ° W f ° r tho «"-« .. 

minders of the “poison from th^ky” besid^ “ 8I "" " 
home in the area (ThePamh /r y w . lde virtually <vn , 
estimates that some 45 00 ^ ^ Mmi8trjr ° f A ^" 1 "" • 
damaged.) The b^a , Were kiUed or > 

«ai» and “S 2 ? C ° mPl '“ ,y .. . 

though some of the new fn^T recoveri ng well („| 
Kapok trees frwA° *“*,“* formal in shape) 

small cash crop for the kSl h^Tbit "I*"* provitl< ' 1 
m village after villas ^ f mhab,tants > were largely killed 
bearing the£r “» ■»> ye. 

“ * - - En;: 
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♦ mI leak ( Tectona grandis), neither of which seemed 
#♦ Imtii damaged by the herbicides. 

* * *« •» »sted portions between the plantations and villages 
| * * h f footed area presently support only a scattering of 
— m I ally usable timber trees of a variety of species. 
WnmikIi many of the few tall timber trees had been initially 
is* hhIihI, most now seem to be slowly recovering (largely 
t* . 4 ili lhe production of adventitious shoots). We did 
||t*i • Home dead individuals of two commercial species 
** ‘li|»lrrocarp: lumbor ( Shorea hypochra) and phdiec 
4*intf)(cra cochinchinensis ). 

i tmnages to crops other than rubber have been estimated 
to *i»«' Cambodian Ministry of Agriculture to amount to 
(ffwmiimately U.S. $1.2 million. The extent of privation 
* «l the local inhabitants cannot be estimated. 
i Mintage to land and soil . We observed no evidence of 
- m lined erosion or of soil hardening via laterization and 
•m evidence of change in the level of the water table or of 

* . other physiographic factor. Nor did we find any evi- 
4 »h< o of weather modification. 

I himage to livestock and other animals . All of our inter- 
> *•» with the local inhabitants consistently disclosed that 
olUgc livestock became ill for a period of several days 
.. after spraying. Whereas the larger animals (water 

* *ilfwloes, cattle, and mature pigs and sheep) became only 
mildly ill and all recovered, some of the smaller ones 
»• tiickens, ducks, and young pigs) suffered more severely 
-mi! in some cases were reported to have died. The domestic 
Miuinmals were described as having had digestive problems, 

* ficreas the domestic birds became partially paralyzed for a 
nine. Apparently many wild birds became similarly disabled 
hi id could be captured easily. There were also a number of 
mi util dead birds found at the time in the woods and fields. 

It is interesting to note here that eastern Cambodia in 
general has experienced quite a substantial increase in a 
variety of wildlife, apparently driven out of Vietnam by 
ilic defoliation and other ravages of the war. Included are 
muntjacs and other species of deer, wild cattle (gaurs, 
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bantengs, and some koupreys), elephants, * * 
monkey species, and wild pigs. 

Effect on humans. Many of the local inhuhli 
terviewed spoke of widespread temporary ilium.* ? | 
vomiting, particularly among infants and to a I** ■ MHgj 
among the general adult populace. At one local inn > % ^ 
ang) water was trucked in for a time followm* *, ± 

to provide uncontaminated water for the chi kin n i . 4 

instances where the people depended largely .. fed 

wells for their water supply we received no rcpoi t nil. 
digestive problems. 

We had a lengthy interview with the phytic hat *«# 
directs a hospital in the affected area (at Mimot) tlnu ^ 
some 15,000 people, and which handles about 200 I 4 
patients a day. (The doctor speaks not only Finn I* £ 
English, but Cambodian and Vietnamese as well.) W* * * 
inspected his detailed hospital patient records for 19(.ii * 

1969. This investigation revealed no increase in tk* h * 
dence of any malady during or subsequent to spia 
Owing to the known abortive and teratogenic effects ni 
4,5-T in laboratory animals and its s imil ar suspected < II 
amongst the South Vietnamese population, we gave pm in 
lar attention to this possibility. However, there has been . 
increase discernible in recent months. (There are about llh , 
local births per month and the birth of one mallei uu* 
infant about every two months.) 

Source of the Herbicidal Spray 

There is, of course, no question that the responsibility (m 
the extensive herbicidal damage we have observed in Cam 
bodia rests upon the United States. Only the United Stain* 
has the ability and materiel locally to carry out such opeia 
tions. By its own admission, the United States has in Souik 
Vietnam carried out extensive aerial spraying with a variely 
of herbicides. Indeed, over 10% of the entire surface of 
South Vietnam has been heavily sprayed over the past eight 
years. The U.S. State Department report enumerates the 
spray missions in some detail that were carried out in the 
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• ~ nf Snuth Vietnam between 

, i.Miitg Tay Ninh province of South V 

t .mil June of 1969. , «« much as one- 

*, ucCambodian^.^^^ from 

, h us Defense Department, the 
ilth.mgh demed by th „ onc i u ded that a significant 
l * Mate Department report c^cu^^ to be the result 

f .* of th e dam a ge^w^ J lnded eve n less ambigu- 

Hn ct overflight. We overflight is incontro- 

i „i v that the evidence f damage, the areal extent of 
••ttl'lo. The total am °^ fr0 m the South Vietnamese 

the distance of damag during the period 

. ..VS* (» <* 

, question, and the spatial P essentially the 

"Hal portion of the s [11 miles) in) have 

. near the border asl8^“ ee twothirds of the 

, ed us to the conctoon that aU ^ ^ ^ ^ 

. uial damage m Camb °^ ftheloca i inhabitants we inter- 

•bglit. Moreover, a numt^r of 1 ^ ^ operati on 

*">wcd reported to baV * S ^ tor ^ plantation at Chipe- 
,.vi-rhead. M. Buoy > . spraying his planta- 

Z S2Z occasions, Ap* - 

"s- 

.lightly injured. If one m “d by a dose rate averaging 
Unit this entire area was damaged oy^^ ^ herbi _ 

ns little as 0.5 kg/hectare ( • 000 jdlograms (77,000 

tide, a total application of ’ { ^ ^id 

IH.unds) would have been aM How ^ ^ 

have resulted from drift south Vietnam? 

U.S. military operations m adjaamtjS h ^ 

Each spray plane carries a “ If one C an as- 

grams (7,900 pounds) o ac G f the herbicide in each 
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mean that of the order of 100 planes had to !w»v* i ^ 
missions rather near to the Cambodian bordn .)» 
and early May of 1969. Actually (according i. 

State Department report) only about half thnt him 
planes flew defoliation missions in the adjacent I 
province during that time. Moreover, meteorologi* i 
tions and other considerations led the U.S. Stair I >* j 
team to conclude that drift could only have original* ! - 
five missions apparently totalling 29 planes. 

Thus, even assuming a conservative over-all nvn * «# 
rate of 0.5 kg/hectare (0.4 pound/acre), drift cm 1 1* it * 
accounted for as much as one-third of the tntnl # 
that occurred. Our examination of the affected m* . # 

gested that its eastern and western portions may tm . « 
ceived about 0.5 kg/hectare. However, there is * I 
central block of perhaps 10,000 hectares (24,700 ■ u 
in which the extent and selectivity of damage sug| * t 
fairly uniform application rate of the order of 2-3 kc i 
tare (2-3 pounds/acre). This more heavily damaged 
extends about 20 kilometers (12 miles) from not il» 
south and about 5 kilometers (3 miles) from east (<> v 
It includes the rubber plantations at Dar, Chalang, 

Prek Chhlong. The damage on this central block can im*i 
be explained on the basis of a direct overflight. It o.uU 
be accounted for by some seven planes flying at a higl... 
than usual altitude. 

We conclude that it is highly likely that the ovcrlligln* 
were a deliberate violation of the frontier.* The bordn i 
recognizable from the air and both United States air and 
ground forces seem to be intimately familiar with its lot . 
tion. Although U.S. aircraft violate Cambodian territoiv 
daily for purposes of reconnaissance, the daily military com 
bat activities in the region (a number of which we observed 


* On 18 December 1969, Mr. Thomas R. Pickering, Deputy Dircdm 

of the Bureau of Politico-Military Affairs of the U.S. Department of 

State, in testimony before the House Subcommittee on National S« 

curity Policy and Scientific Developments (published by the Com 
mittee on Foreign Affairs in early 1970) admitted “that the great ml 

part of the damage was caused by a deliberate and direct overflight 
of the rubber plantations." 
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Conclusion 


. mission was a sad «•*“" “ bb er 
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.«** * * -■— 

* - intent report . more crowing season, 
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t wurd the end of > . f ur, t economist should be 

Ministry of Agriculture repo damages to rubber 

. lulled in the next visiting iw)***** t 

. wo 1 —Jo “ 

m Cambodia s P ^ Umted 

iuriigthen its economy. Therefore, tne 
■tunes makes restitution the bett . ble direct 

populace. 

■i.l indirect losses suffered by determined satis- 

ll.o extent of these losses can never ^ We 

Imtorily and h n a e n V d r ho w particularly drastic this type 
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Cambodia is a small natron attempts » “ with 
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Military Use of Herbicides: Some Available 
Literature 
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62-68; 80-81). 


i tit, vS. D. (1963) 

NO PLACE TO HIDE: HOW DEFOLIANTS EX¬ 
POSE THE VIET CONG. 

Army 14(2):54-55 [also: Armed Forces Chemical 
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ASSESSMENT OF ECOLOGICAL EFFECTS OF 
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U.S. Dept. Defense, DDC AD824314, 369 pp. [the 
“MRI” report]. 
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A Statement by the Publishers 


Hi. purpose of the Ballantine/Friends of the Earth 

I wvlviil Series is to provide the best possible information, 
t♦Mini for the intelligent layman, about the principal cur- 

i»I threats to the environment that urgently demand 
»»«tu'<lial action. 

Wc hope to encourage support for the further research 
•M will always be necessary as long as man uses technology 
•ml necks to anticipate the consequences. Proper application 
i science and humanity will sometimes show that man had 
Mlcr not do what mere technology tells him he can do. 

Wc will also urge action now, based upon what is already 
known, to prevent using a given technology in advance of 
insurance that it will not inflict lasting harm. 

The coupons below outline a course of remedial action 
•pen to the citizen. Advertisements already run by the 
Nlerra Club and by Friends of the Earth have demonstrated 

II ie efficacy of the coupon. Citizens who have the time will 
lie able to state their views far better than the coupons do, 
ii nd we hope people will take the time so to express their 
views to all or some of the suggested addressees. The trouble 
you take to use the coupon approach will make a difference. 
I cw men in public life will be so oblivious to citizen views 
ns to ignore the constituency the coupons represent, know¬ 
ing that their use takes more time than required of people 
who answer the few telephone questions normally presented 
In audience-voter rating polls. The use of the coupons can 
be a first step in citizen participation. The first step can 
lead to others. 

Coupons are fine. Letters are better—letters that reveal 
(he intensity of interest of the writer, letters that show the 
writer’s desire to help the system work far better than it is 
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thT K 0rkb , 8 ’ letterS that foUow a given 

SOluti0 - "iclV. 

PorSt^f/ I°l C ? D ° de P artmen t Of Iflr . „ 

tofiTwh^ l l ,S the thin 8- Each book .. 

r^S 5 S~E'::,' 

contents page and the promotional material) n 
exposition (the text itself with T^, ' 

available) and th^ ^ SUC ^ Austral ion-, . 

available pS o?tb entatl0n ^ an be ~ « ' 

Many magazines requ ^7 
do, and those that are published ™ ’ " '' 

rial you may need It hand ^ V* 1° Pr ° Vide a " " 

Of homes, a 1“ J *! ^.. 

succeeding issues so rapidly that the lod k 8 top,,p,l 1 

n^ ch t“ the 

We shorno like ,om£ zsj°zt: c r . 

reviewed, interoreted aej , , ’ th t the senes will i 

whose limitations we have remarked UP ° n “ the VCry "" ' 
value very highly for thei ^ ked upon > ^ neverili, i.. 

roleinle^p^plfwenTrl^ aad indisp “' " 
to^eir «vil^^3:e OUt ^ ^ . 

good i^T “ retnevable formation for you to put 




Muir and Friends 

mly everybody knows there is an environmental crisis 
•nr space ship. Here is what two new organizations are 

* ♦♦♦* iibout it, in behalf of the preservation, restoration, 
l#d mtional use of the ecosphere. 

I I he John Muir Institute for Environmental Studies, 
♦nidcd in New Mexico in 1968, is tax deductible. It 
¥-Mines that the conservationist’s cause is good and his 
hi in the right place, but that he deserves better informa- 

* it Which is true. 

' Friends of the Earth, founded in New York in 1969, 

* *«Inins that the researcher’s cause is good, his head in the 
»*nlil place, but that unless we act now on what he already 
i ih >ws, he may never complete his studies. And Friends of 

Farth believes it can act adequately only if it is not tax 
deductible, which it isn’t. 

Working in tandem, complementing each other, prop¬ 
el ly separating funds and combining their effort, John Muir 
Institute and Friends of the Earth can help existing con- 
M ivation organizations get new things accomplished. 


Jan Ballantine, President 
Ballantine Books 

David Brower, President 
Friends of the Earth 


JMI John Muir Institute is conducting a Forum for a 
*uture—biennial symposia in Aspen, Colorado, alternating 
with conferences in major cities. Participants at the first 
nymposium suggested five routes to equilibrium between 
man and earth: 1) halt population growth, 2) create an 
rcological ethic that will influence all human affairs, 3) 
create an economic system not based on growth, and not 
abusive of the earth, 4) organize voters to demand effective 
government action, and 5) form new international institu- 
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tions to deal with the ecological crisis. The P> /n , 
will concentrate on environmental economies .» . * * 

sium and a conference in New York. 

John Muir Institute is undertaking to fill in g.»i* * 

research map: 1) independent analysis and 2) uiu M i ( 
major environment-disrupting projects, 3) inquuy 
forces and rates of environmental restoration, 4) • * 

tion of fair-conservation practices, and 5) develop > 4 

ecological conscience in all professions. 

And John Muir Institute will prepare illustrated, 
manuscripts for publication, including the intmiuii. g 
exhibit-format series, The Earth’s Wild Places. Tim - g 
portrays the beauty, diversity, and organic wholeness «•* u 
and the natural environment of the planet. This (IIvm * 
this wildness, holds answers to questions man has iih m 
learned how to ask, and it is being obliterated by d« I 
Through creative blending of photographs, prose, 
poetry, each book reflects a particular environment 1 
the local culture’s view of the relation of man to that 
vironment. Each volume is to appear first in exhibit fm.. 
for U.S. and European use and later in an inexpen 
paperback edition. More than one hundred volume-, 
envisioned over the next two decades. Preparing the tnui. 
rial is JMI’s job. 

FOE Friends of the Earth will take it from there, cm» 
ing out the publishing operation with McCall Publishn. 
Company and others as necessary. Among the till* 
scheduled in the series are Maui and the Wild Kipahulu i- 
Robert Wenkam and Kenneth Brower (in press); a volun 
on the Alps by Max Knight and Gerhard Klammet; A Sen 
of Place , by Alan Gussow; a volume on Micronesia ! 
Robert Wenkam and Kenneth Brower; on the Mekonj 
River by John P. Milton and Sterling Seagrave; on I Ih 
C anadian Rockies by Martin Litton; and on the last gn-.«i 
wilderness of the Brooks Range and Arctic Wildlife Rang'*, 
by John Milton and Kenneth Brower. Books already pnh 
fished (by Ballantine Books) are the SST and Sonic Boom 
Handbook by Professor of Physics William A. Shurclill 
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, I hr Environmental Handbook, edited for the first 

.I environmental teach-in by Garrett De BdL 

I 'Miminpered by tax-exempt status, Friends of the Earth 
, „ aim) undertake substantial legislative activity, including 
,7,,Lg and major advertising efforts on critical issues* 
„ join other conservation organizations in going to court 

. n u ht environmental abuse. f 

i! in’s members will be organized into specific task fore 
can effectively participate in ^portant 

.yin FOE is quite appropriate: friends of 

... , he the foe of whatever or whoever degrades the 


i ( M FOE’s League of Conservation Voters will mobilize 
to politic ^candidates with outstanding^conserva- 
uncords who face close election races. It will Y 

c them but will also raise money and manpower for 
The goal is to prose that 
tll . H can decide the outcome of an election, 
be League of Conservation Voters is strictly nonpartisan 

IT f«U.e 1970congressional election **££ *£* 
a. underwrite its subsequent appeal th 

I!:: * 

„ us concern for the environment that brought them in. 


Muir and Friends, Survival Team 

Together, John Muir Institute ^ 
will try to persuade people here and a r 
In scientifically and politically “ e , rticipatioll . 

Both organizations mvite-and^d 
I loth are open for membership, Fn 

1, $15 (smdent, $5) and Johu Mrur InJ.W « « » „ 
Wherever our offices or correspondents are, two 
„ ™ two of accounts are kept, and one purpose » 








































served—the quest for ways for man to live in t« 
equilibrium with the only life-support system 
able to use. 

It is the evolving, beautiful, stable diversity of 
things that makes life possible. Nothing else does, n> . 


Friends of the Earth Board of Directors: David R. in 
Berkeley, President; Stewart M. Ogdlvy, Yonkers, nifl 
Linn, Albuquerque, Vice-Presidents; David Sive, New \ * 
Member executive committee; Alfred S. Forsyth, New > 
Treasurer; Perjry H. Knowlton, New York, Secretary , I »• ■ 

W. Aitken, Woodside, California; George Alderson, Wu ' * 
ton, D.C.; Daniel B. Luten, Berkeley; Jerry Mandi m J 
Francisco; John P. Milton, Washington, D.C.; Noel So. - 
Algarve, Portugal; Gary A. Soucie, New York; Robert :.i» 
New York. 

Friends of the Earth Advisory Council: Harrison Ilm 
Charles Callison, Barry Commoner, Norman Coii».m » 
Paul Ehrlich, Duke Ellington, Arthur Godfrey, Ah 
Guthrie, Joseph Wood Krutch, Stephanie Mills, Cim,. 
Plimpton, Eliot Porter, Pete Seeger, C. P. Snow, ( m* 
Snyder, Elvis J. Stahr, Mark Van Doren, Harriet \ 
Horne. 

John Muir Institute Board of Directors: Robert O. Anm » 
son, Roswell, New Mexico, Chairman of the Board; Max I in 
A lbuquerque, President; David R. Brower, Berkeley, I < 
President and Director; David Sive, New York, Secretary: li" 
Browning, Palo Alto. Donald W. Aitken, Woodside, Cali Ini 
nia, Scientific Coordinator . 

Joint Offices: San Francisco, New York, Washington, All u 
querque, Anchorage, Chicago, Honolulu, London, and Morgi 
Switzerland. 

Principal Addresses: 451 Pacific Avenue, San Francisco 941 < ' 
30 East 42nd Street, New York, New York 10017; 917 Dili 
Street, N.W., Washington, D.C. 20005; Box 11, Cedar Cic i, 
New Mexico 87008. 


JMI MEMBERSHIPS 


Regular § 


foe memberships 

Regular $15, Lifel^O * StwnSlfoOO 8 ^ % 

Contributing $50, Lite $23U, 


, uj e and Patron memberships can be billed qua 
























Friends of the JEarih 


□ I enclose $_ ^ 

-for membership. 

□ My own field is: 

D join now. $ ~ as 3 cont ribution but do m>i *, 

NAME 

ADDRESS 

CITY 

------- STAT E 211' 

{Contributions to Friends of the Earth are not tax deduct".. 


D Sutwivaf Series.* 0 ** kePt 1111011116(1 of other books i„ 


John Muir Institute for 
Environmental Studies 


□ I enclose $__- for membership. 

D jo“now. $ - - 3 contri bution but do not wish 


NAME 

ADDRESS 

CITY 

---state zip 


{Contributions to the John Muir Institute are tax deductible , 


Friends Of The Earth 
John Muir Institute 
30 East 42nd Street 
New York, N.Y. 10017 


n,, Honorable J. William Fulbright, Chairman 

• Minmittee on Foreign Relations 
• w Senate Office Building 

n r.hington, D. C. 20510 

H. itr Senator Fulbright: 

Mindful as you are of the effects of pollutants that do 
•«>K and cannot respect national borders, I request that your 
•mmittee investigate the production, and the use in Viet- 

• tin, Cambodia, and elsewhere, of the defoliant, 2,4,5-T, 
H to enormous dangers from which are described in Thomas 
Whiteside’s book, DEFOLIATION. Will you please let me 
know how I may be of assistance in this effort? 

Sincerely yours, 


Name 


Address 


(’ity State Zip 

















































President 
Mm White House 
< limgton, D. C. 20500 




• ••mi Mr. President: 

I he enormous dangers implicit in the use of the de- 
i 'Hunt, 2,4,5-T, as described in Thomas Whiteside’s book, 
Ml FOLIATION, are cause for grave apprehension, and I 


him sure they trouble the majority of informed citizens in 
ilie United States and in other nations. I share the belief 
><*u have expressed that we must now or never take steps 


The Honorable J. Win;,™ ^-"-right 


Chairman 



to halt environmental degradation, and I believe that the 


Washington, D. C. 20510 


\4,5-T may be one of the most devastating pollutants of 
ill. I am alarmed, further, at the difficulties Mr. Whiteside 
t xperienced in obtaining from the government the facts of 
I lie defoliation crisis that are essential to an intelligent par- 
heipation by the citizen in his government. 

What role would you suggest I myself play to be of 
HtTvice in ending the pollution of the environment and of 
information that the defoliation story reveals? 


Sincerely yours, 


i Name 


Address 


City 


State 


Zip 


! 
















"The President 
The White House 
Washington, D. C . 20500 


Honorable Philip A. Hart, Chairman 

# • ommittee on Energy, Natural Resources, and Environ¬ 
ment 

Office Building 

* Mhlngton, D. C. 20510 

> Senator Hart: 

I hank you for your leadership in undertaking to investi- 
the hazards in the widespread use in Vietnam, Cam- 
and in the United States, of the defoliant 2,4,5-T 
*«»d the accompanying contaminant, dioxin, hazards re¬ 
lied in Thomas Whiteside’s book, DEFOLIATION. I 
on sure you realize the difficulty and importance of look¬ 
ing under the camouflage and revealing the truth, further- 
.mk Mr. Whiteside’s excellent investigative efforts. Will you 
please let me know if I can assist the committee’s work in 
uny way? 

Sincerely yours, 

Name_ 

Address_ 

City_State_Zip_ 






















• I.. I lonorable U Thant 
*=. idary-General 

• idled Nations 
N#W York, N. Y. 

l»mr Mr. Thant: 


In view of the meetings to be held by the United Nations 
in 1972 to consider pollution of the biosphere, I hope you 
will find means to give careful consideration to the im¬ 
mediate and long-range effects of the defoliant, 2,4,5-T, and 


The Honorable Philin A - 



and linviiMM 


die accompanying contaminant, dioxin, as described by 
lliomas Whiteside in his book, DEFOLIATION. This 
would seem to be a subject warranting concurrent consid- 
* i ation by the World Health Organization, the Food and 
Agricultural Organization, and the Director of Science and 
Technology. It would appear to be of vital importance for 
die world to understand fully, in undertaking “The Green 
Revolution”, the hazard to man himself when he attempts, 
dirough chemical means, to make the chemicals of life 
unavailable to other forms of life. It will serve mankind 
poorly to produce more food at the expense of destroying 
parts of the ecosystem that impair the continuity of life, 

| including those life forms that we directly or indirectly 
depend upon for sustenance. 


Sincerely yours, 


Name 


Address 
City_ 


State 


Zip 





















The Honorable U Thant 

Secretary-General 

United Nations 
New York, N. Y. 


I Tie Honorable Robert S. McNamara, President 
The World Bank 
1818 H Street, N.W. 

Washington, D. C. 20006 


Dr. Matthew Meselson, Chairman 

AAAS Herbicide Assessment Commission 

American Association for the Advancement of Science 

Biological Laboratories 

Harvard University 

Cambridge, Mass. 









I 


s:^r^ Rob ‘ r,s - McN ™^ 

1818 H Street, N.W. 

Washington, D. C. 20006 

Dear Mr. McNamara: 

. 

■ion of dioxin ,ov£i“ d ,t e T” ,P “ > '"“ . 

wS'\ TION - ”* ^ : 

cn .£££ «* "" 

Wan.,, ,o prohibi. ,““a nfTdsTt 1 . 

«c.ving „,i SKoce from ae Wor |J 5 B ^ -"V |.o 

Sincerely yours, 

Name 



A a A ^ a “ hew Meselson > Chairman 
A^ric^A 6 AsSe$Snlent Commission 

asss srj- *• Adp ““”«- - «*.. 

Harvard University 
Cambridge, Mass. 

Dear Dr. Meselson: 

i should like to exnrpcc mtr 

you are undertaking with respect to^r iat ?° n - f ? r thC W " 

hazards of 2,4,5-T and iho Potential teratogen 

dioxin, described in TTon 1 «^ COmpanyin8 conta ">’"" 
TION I h l Th ° maS ^deside’s book, DEFOI I 

pCs/ofjot asr bdng kept 

Name y ° UrS ’ 


Address 

City 


State 


Zip 



Mulph Nader 

I i ..it i for the Study of Responsive Law 
* «»n Q Street, N.W. 

* sililngton, D. C. 20009 


M*«u Mr. Nader: 

rfumk you for your contribution toward revealing the 
M#urds to the total environment posed by the defoliant 
M.5-T and the accompanying contaminant, dioxin, as 
Mcribed in Thomas Whiteside’s book, DEFOLIATION. 
Would you please let me know if there is anything I can 
to further your investigations in behalf of the public. 

Sincerely yours, 


Nume 


Address 



i Ity 

State 

Zip 





Mr. Gerardo Bodowski, Director-General 
International Union for the Conservation of Nature 
1110 Morges, Switzerland 


Dear Dr. Bodowski: 

In the course of the IUCN Program for rational use of 
(lie biosphere, I hope you will give careful consideration to 
the immediate and long-range effects of the defoliant 2,4,5-T 
1 and the accompanying contaminant, dioxin, as described 
by Thomas Whiteside in his book, DEFOLIATION. It 
would seem to be of great importance to undertake thor¬ 
ough research on the side effects, on human beings as well 
as on the land mechanism itself, of continued use of such 
potentially disastrous means as chemical defoliation in the 
! attempts to increase—or deny—the production of food. 

Will you let me know what ways there are through which 
| I may assist the IUCN in this work? 

Sincerely yours, 

! Name_ 

| Address 

— 
City_State_Zip_ 

I 

I 

I 


I 













































The Honorable Walter J. Hickel 
Secretary of the Interior 
Washington, D. C. 


Mr. Ralph Nader 

Center for the Study of Responsive Law 
1908 Q Street, N.W. 

Washington, D. C. 20009 


Dr. Gerardo Bodowski, Director-General 
International Union for the Conservation of Natiuo 
1110 Merges, Switzerland 


The Honorable John C. Stennis, Chairman 
Committee on Armed Services 
Senate Office Building 
Washington, D. C. 20510 



























I 


I 


The Honorable Walter J. Hickel 
Secretary of the Interior 
Washington, D. C. 

Dear Mr. Hickel: 

In view of your responsibilities concerning , n. 

the waters of the United States and its tcrrii . 

view further of the pervasiveness of the polluii. . . 
from oil spills on the oceans of the world, and in • 

coastal and estuarine waters and your grave .. 

this, I hope you will also investigate fully the furl In, 
to our waters from the use of the defoliant 2,4, s i 
accompanying contaminant, dioxin, as described by I 
Whiteside in his book, DEFOLIATION. 

Will you please let me know in what way 1 tm> 
this effort? 

Name y0UrS ’ 



The Honorable John C. Stennis, Chairman 
Committee on Armed Services 
Senate Office Building 
Washington, D. C. 20510 

Dear Senator Stennis: 

Mindful as you are of the effects of pollutants that 
not and cannot respect national borders, I request that y, 
committee investigate the production, and the use in V, 
nam, Cambodia, and elsewhere, of the defoliant, 2,4, s 
the enormous dangers from which are described in Thou 
Whiteside’s book, DEFOLIATION. Will you please 
me know how I may be of assistance in this effort? 

Name yoUrS > 


j Address 

J city_ 


State 


Zip 


**•« Honorable John C. Stennis, Chairman 
mmittce on Armed Services 
* Mule Office Building 
* ihington, D. C. 20510 

Mrm Senator Stennis: 

Mine as for Senator Fulbright 

Hh Honorable Melvin R. Laird 
*■ rotary of Defense 
Wiwhington, D. C. 

Hi ir Mr. Laird: 

The book by Thomas Whiteside, DEFOLIATION, raises 
vital questions concerning not only the pervasiveness of pol- 
Im! ion resulting from the application of the defoliant, 2,4,5- 
I in operations in Vietnam and elsewhere, but also the rela¬ 
tionship of this use to the Geneva convention on chemical 
‘»nd bacteriological warfare. The announcement by Dr. 
I >uBridge that your department would restrict the use of 
,\4>5-T to areas remote from the population in Vietnam 

( lo assure public safety pending further research has not 
been, apparently, carried out. 

In view of the President’s antipollution program, can you 
clarify the position of the Department of Defense? 

Sincerely yours, 

etc. 

----- * - 

March of Dimes 
315 Park Avenue South 
New York, N. Y. 

Gentlemen: 

I am pleased to support your program to minimize birth 
defects in the human population and wish to continue. In 
1 view of the alarming indications of teratogenic effects of 
1 the defoliant 2,4,5-T revealed in the Thomas Whiteside 
I book, DEFOLIATION, could you tell me what your plans 
I are for research on the effects of 2,4,5-T and the accom- 
I panying contamination of dioxin upon the human embryo? 

Sincerely, 







































The Honorable Melvin R. Laird 
Secretary of Defense 
Washington, D. C. 


March of Dimes 
315 Park Avenue South 
New York, New York 
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A powerful, provocative book 

for those who care about 

what tomorrow might bring . . • 

Moment in 
the Sue 

Robert and Leona Train Rienow 

A report on the Deteriorating Quality 
of the American Environment 

“A VERY IMPORTANT BOOK . . . We’ve been 
told for some years now that the wide open spaces are 
getting narrower all the time, and quicker than some of 
us might think. The authors of this book lay it right on 
the line . . . after reading this sane and humane book, 
one wants to plead with everybody to keep aware, and 
not regard these things as part of some inevitable black 
comedy.” 

— Harper’s Magazine 

A Sierra Club-Ballantine Book 95<} 

To order by mail, enclose price of book plus 5$ a copy 
for handling and send to Dept. CS, Ballantine Books, 
36 West 20th Street, New York, N.Y. 10003. 





















SURVIVAL IN THE SEVENTIES DEPENDS UPON 
YOUR BEING INFORMED 


Here is your Survival Kit: 

THE ENVIRONMENTAL HANDBOOK: Prepared |... 
the First National Environmental Teach-In, edited l y 
Garrett De Bell 

A Ballantine/Friends of the Earth Book — 950 

CHEMICAL AND BACTERIOLOGICAL (BIOLOCI 
CAL) WEAPONS AND THE EFFECTS OF Till in 
POSSIBLE USE, a United Nations Report, with a special 
Foreword by George Wald, Department of Biology, Har¬ 
vard University 

A Ballantine Walden Edition —$1.25 

PERILS OF THE PEACEFUL ATOM: The Myth ol 
Safe Nuclear Power Plants, by Richard Curtis and Eliza¬ 
beth Hogan 

A Ballantine Walden Edition —$1.25 

S/S/T AND SONIC BOOM HANDBOOK, by William 
A. Shurcliff 

A Ballantine/Friends of the Earth Book —9 5<J 

MOMENT IN THE SUN, by Robert and Leona Train 
Rienow 

A Sierra Club /Ballantine Book —950 

THE FRAIL OCEAN, by Wesley Marx 

A Sierra Club/Ballantine Book —950 


THE POPULATION BOMB, by Dr. Paul Ehrlich 
A Sierra Club/Ballantine Book —950 

DEFOLIATION, What Are Our Herbicides Doing to 
Us?, by Thomas Whiteside, Foreword by George Waid 

A Ballantine /Friends of the Earth Book —950 


What Else Can You Do? 

Contact: 

FRIENDS OF THE EARTH, 30 East 42nd Street, New 
York, N.Y. 10017 

THE SIERRA CLUB, 1050 Mills Tower, San Francisco, 
California 94104. The Sierra Club, founded in 1892 by 
John Muir and one of the nation’s oldest, largest, and 
most active conservation organizations, invites participa¬ 
tion in its program. 

ZERO POPULATION GROWTH, 367 State Street, Los 
Altos, California 94002 

NATIONAL AUDUBON SOCIETY, 1130 5th Avenue, 
New York, N.Y. 10028 

To order survival books by mail, send price of book plus 50 for 
postage for each to Ballantine Books, Inc., 36 West 20th St., 
New York, N.Y. 10003 
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